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“invited. the Society. to appoint representative. engineers 
“to. serve'on an, Advisory. Board. Likewise officers of, the 
War ‘Department: have solicited, the ‘cooperation’ of 
in the ofganization of. a Civilian Reserve. Corps. 
% 
Care ideally’ ‘equipped ; to render service. The Society is pre- 
to serve Similarly: many. other departments ‘of. the 
government and is. promulgating. this idea wherever opportu- 
nity offers. The conception of: the Society is) to 
its service the profession and for the ‘pubic: 
member," Let all closely coopérate and urge every. 
member of the engineering profession within réach ito attend 
‘Local’ Sections will resume ‘regular: meetin 
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THE 


S the time approaches 
A for the September meet- 
ing and the International 
Engineering Congress, inter- 
est is centered on the pro- 
grams of papers to be pre- 
sented and on the other ae- 
tivities that have been sched- 
uled. A 
appeared in the August issue 
of The Journal of the pre- 
liminars 


complete account 


affairs in connec- 
tion with the meetings, such 
as the transportation ar- 
rangements, the 
ters hotel 


tions, the meetings of other 


headquar- 
and accommoda- 
societies, the excursions, the 
Exposition, ete., but little 
definite relative to the 
program of the meetings at 
that time. 


Was 


The programs of 
both the September meeting 
of the Society and of the In- 
ternational Engineering Con- 


gress have now been established and they are presented 


herewith in complete form. 


TRANSPORTATION 


As announced in The Journal for August, arrange- 
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THE SAN FRANCISCO MEETING AND 
INTERNATIONAL ENGINEERING CONGRESS, 1915 


PROGRAM OF THE SEPTEMBER 
MEETING 
Headquarters at Clift Hotel, San Francisco, 
September 16 and 17. 

Meetings in Hall of the Native Sons of the 
Golden West, Mason Street, between 
Geary and Post Streets. 
THURSDAY, SEPTEMBER 16. 

Address of weleome by a leading citizen of 
San Francisco and response by the Vice-Presi- 
dent, G. W. Dickie. 

ENGINEERING 
Bayley. 


FEATURES OF 
INTERNATIONAL 


THE PANAMA- 
Exposition, G. L. 


MECHANICAL ENGINEERING AT THE PANAMA- 


Paciric INTERNATIONAL Exposition, G. W. 
Dickie. 

FRIDAY, SEPTEMBER 17. 
Tue Heavy Enaine, Irs Present 


Stratus Furure Devetopment, A. H. 
Goldingham. 
THe Diese. EnGine anp Its Application 
IN SOUTHERN Cautirornia, W. H. Adams. 
THe Srrenctu or Gear Teetu, G. H. Marx 
and L. E. Cutter. 


OF 


THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS 


Number 9 


Tuesday morning and fifteen 
hours will be spent there, 
giving ample time for excur- 
sions to Bright Angel Trail, 
Bottom of Canyon, Hopi 
Point, Hermit Rim Drive 
and Sunset Point. The party 
will arrive at San Francisco 
on Wednesday, 
15, at 9 A.M. 

Reservations for this train 
are now being arranged by 
Mr. G. 8. Harner, Passenger 
Agent, New York Centra! 
Lines, 1216 Broadway, New 
York City. The fare to San 
Francisco by this train and 
return by any route (except 
via Northwestern points) is 
$98.80. Pullman 
way, are quoted as follows: 
lower berth, $22.00; 
berth, $17.60. 

For those members of the 
Society who cannot join the 


September 


rates, one 


upper 


party from New York, reservations are being made on 


the Sunset Limited, leaving New Orleans on Sunday, 


September 12, at 11 a.M., and arriving in San Fran- 
cisco at 1.00 p.m. on Wednesday, September 15. Ac- 


commodations on this train can now be secured by ad- 
dressing Mr. J. H. R. Parsons, General Passenger 
Agent, Southern Pacifie Company, New Orleans, La. 
The round trip fare, New Orleans to San Francisco, 
is $57.50 going and returning over the same route. 
Pullman rates, one way, are quoted as follows: lower 
berth, $11.50; upper berth, $9.20. 


ments have been made for a special train from New 
York to San Francisco, for members of the Society 
and their friends, leaving New York (Grand Central 
Terminal) on Thursday, September 9, at 7.45 p.m. The 
train will stop at Niagara Falls for four hours on Fri- 
day morning, to permit of sightseeing. On Sunday 
morning the party will arrive at Colorado Springs, 
where side trips may be made to Crystal Park, Pike’s 
Peak, Garden of the Gods, Cheyenne Canyon and the 
Seven Falls. The Grand Canyon will be reached on 


HEADQUARTERS 


The headquarters of the Society will be the Clift 
Hotel, at the corner of Geary and Taylor Streets, San 
Ill 
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Francisco. For members who desire to be accommo- 
dated at this hotel, a number of rooms have been ar- 
ranged for at a rate of $5.50 per room, including bath, 
to be occupied by one or two persons. Each member 
should make his own reservation direct with the hotel, 
mentioning the Society. 

For convenience, the rates at other hotels as quoted 
to the Society are given below: 


Palace Hotel, Market and New Montgomery 
Streets, $4.00 per day, room and bath, one 
person. 

Fairmont Hotel, California and Mason Streets, 
$4.00 per day, room and bath, one person. 

Hotel St. Francis, Geary and Powell Streets, $7.00 
per day up, room and bath, two persons. 

Hotel St. Regis, 83 Fourth Street, $2.50 per day 

é up, room and bath, two persons. 

Information regarding accommodations at any other 
hotels may be obtained by addressing the Official Ex- 
position Hotel Bureau, 702 Market Street, San Fran- 
cisco. This Bureau also undertakes to make reserva- 
tions in approved hotels without charge. 

It is also worthy of note that the Committee on 
Local Affairs in San Francisco has placed its services 
at the disposal of all engineers resident within the 
United States, so that those who visit San Francisco 
with their families and friends may be sure that spe- 
cial attention will be paid to their comfort. 


INTERNATIONAL ENGINEERING CONGRESS, 1915 


The efforts of the Committee of Management of the 
Congress have been indefatigable to secure the suc- 
cess of the enterprise by the codperation of members 
from the national engineering societies. The last re- 
port of this committee announced that practically three 
thousand members had been enrolled and 240 papers 
have been received. 

Members of the Society still have an opportunity of 
enrolling in the Congress if they desire to do so. The 
fee, which is five dollars, entitles the subscriber 
to a certificate of membership, to participation in the 
deliberations of the Congress, to an index volume of 
the Proceedings, and to one of the volumes to be pub- 
lished by the Congress. Remittances may be made to 
W. A. Cattell, Secretary, Foxcroft Building, San 
Francisco. 

The Congress will publish ten volumes of proceed- 
ings on the topics under which the program is divided 
as follows: The Panama Canal; Waterways, Irriga- 
tion; Municipal Engineering; Railways, Railway En- 
gineering; Materials of Engineering Construction ; 
Mechanical Engineering; Electrical Engineering, Me- 
chanical Engineering; Mining Engineering, Metal- 
lurgy; Naval Architecture and Marine Engineering ; 
Miscellaneous, including Military Engineering, Aero- 
nautical Engineering, and Heating and Ventilation. 

The Congress will be opened at 10 a.m. on Monday, 
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September 20, in the new Auditorium Building, where 
the subsequent sessions will be held. At the opening 
session there will be addresses of welcome and_re- 
sponses, an address by General George W. Goethals, 
Honorary President, and the presentation of the John 
Fritz Medal to Dr. James Douglass. Below is pre- 
sented the complete program of the Congress. 


PROGRAM OF THE INTERNATIONAL 
GINEERING CONGRESS, 1915 


EN- 


San Francisco, CALIFORNIA, SEPTEMBER 20-25 
All sessions are to be held in the Auditorium Build- 
ing, Civic Centre, Hayes and Larkin Streets, at Market 
Street. 
OPENING GENERAL SESSION, 
Monday, Sept. 20, 10 a.m, 
Address of welcome by the Mayor of San Francisco, 
Addresses by General Goethals, Honorary President of the 
Congress, by Vice Presidents and by distinguished dele 
gates. 


Presentation of John Fritz Medal to Dr. James Dougl:s. 


THE PANAMA CANAL 
GENERAL SESSION. 
Monday, Sept. 20, 2 p.m. 
Introductory Chapter, General G. W. Goethals. 
Commercial and Trade Aspects of the 
Emory R. Johnson. 
The Working Force of the Panama Canal, Captain R. EF. 
Wood. 
Purchase of Supplies for the Panama Canal, F. C. Boggs. 
Outline of Canal Zone Geology, Donald F. MacDonald. 
Climatology and Hydrology of the Panama Canal, F. D. 
Willson. 


Panama Canal, 


WATERWAYS 
SESSION 1, 
Tuesday, Sept. 21, 10 a.m, 

The Province of Waterways in the Internal Commerce and 
Development of a Country, Brigadier-General W. H. 
Bixby. U. S. A. 

Artificial Waterways and Natural Channels and Bodies of 
Water linked by Artificial Channels, constituting In 
side Routes, C. S. Riche. 

The Waterway from the German Rhine through the Nether 
lands to the North Sea along the Rivers Rhine, Waa! 
and Nieuwe Mass, C. A. Jolles. 

Natural Waterways in the United States, Lieut.-Col. Win. 
W. Harts. 


SESSION 2. 
Tuesday, Sept, 21, 2 p.m. 
Flood Control, H. M. Chittenden. 
Flood Control in China, Charles Davis Jameson. 
Works for the Improvement of Navigable Estuaries, Prof. 
Dr. Luigi Luiggi. 
The River Improvement Works in Japan, Tadao Okino. 


SESSION 3. 
Wednesday, Sept. 22, 10 a.m. 


Dry Excavation, General G. W. Goethals. 
Dredging in the Panama Canal, W. G. Comber. 


SEPTEMBER 
1915 


Construction of Gatun Locks, Dam and Spillway, 
General W. L, Sibert. 

Method of Construction of the Locks, Dams and Regulating 
Works in the Pacific Division of the Panama Canal, 
S. B. Williamson. 


Brig. 


SESSION 4. 
Wednesday, Sept. 22, 2 p.m. 

Lock Gates, Chain Fenders and Lock Entrance Caissons, 
Henry Goldmark. 

Emergency Dams above Locks of the Panama Canal, T. B. 
Monniche. 

Design of the Lock Walls and Valves of the Panama Canal, 
L.. 1). Cornish. 


SESSION 5. 
Thursday, Sept. 23, 10 a.m. 
The General Design of the Locks, 
Works of the Panama Canal. 
Hodges. 
The Design of the Spillways of the Panama Canal, FE. C. 
Sherman. 


Dams and Regulating 
Brig. General H, F. 


livdraulies of the Locking Operations of the Panama Canal, 
H. Whitehead. 


IRRIGATION 
SESSION 6. 
Thursday, Sept. 23, 2 p.m. 
Irrigation Enterprise in the United States, C. E. Grunsky. 
Reonomic Advisability of Irrigation, F. H, Newell. 
Distribution Systems, Methods and Appliances in Irriga- 
tion, J. S. Dennis, HW. B. Muckleston and R. S. Stockton. 
Italian Irrigation, Prof. Luigi Luigzgi. 
Irrigation in Lybia (Italian Colony), Prof. Luigi Luiggi. 
SESSION 7. 
Friday, Sept. 24, 10 a.m. 
Utilization of Underground Waters, G. E. P. 
Irrigation in India, M. Nethersole. 
Dams, Arthur P. Davis, 1. C. Henny. 
Earthen Dams, William Lumisden Strange. 


Smith. 


SESSION 
Friday, Sept. 24, 2 pom. 
The Distribution of Water in Irrigation in Australia.  El- 
wood Mead. 
The Co-relation between Annual Demand and Supply from 


Natural Flow, with a Study of the Amount of Storage 


Hill. 
Irrigation in Spain,Distribution Systems, Methods and Ay 


pliances, J.C. 
Irrigation in 


Necessary, L. C. 


Stevens. 
Spain, Regulations Controlling 


Charging, J. C. Stevens, 


SESSION 
Saturday, Sept. 25, 10 a.m, 
The Problem of Irrigation in the Argentine Republic, Car- 
los Wauters. 
Duty of Water in Irrigation, Samuel Fortier. 
Drainage as a Correlative of Irrigation, C. G. Elliott. 
MUNICIPAL ENGINEERING 
SESSION 1, 
Tuesday, Sept. 21, 2 p.m. 
City Planning, Nelson P. Lewis, 
London Traffic in 1913, Sir Albert Stanley. 
Transit Problem in American Cities, W. F. Reeves. 


the Use of 
Water. Metering Water for Irrigation and Methods of 
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SESSION 2. 
Wednesday, Sept. 22, 10 a.m. 

Recent Progress and ‘Tendencies in Municipal Water Sup- 
ply in the U. S., J. W. Alford. 

Municipal Water Supply in France, 

Tunisia, Dr. FE. Imbeaux, 

The Disposal of Suspended 

Hering. 

Sewage for 


Belgium, Algeria- 


Matters in Sewage, Rudolph 


Low Countries with Special 
Town of Amsterdam, A. W. Bos. 


Regard to the 


SESSION 3. 
Wednesday, Sept. 22, 2 p.m. 
Streets, George W. Tillson. 
Rural Highways, L. W. Page. > e 
Rural Highways, L. Limasset. 
Construction and Maintenance of Rural Highways, Alfred 
Dryland. 
Rural Highways, Arthur Gladwell. 
The Struggle Against Dust, C, C. Dassen. 
SESSION 4. 
Friday, Sept, 24, 10 a.m. 
Utilities, Dr. A. C. Humphreys. 
Short Paper on Public Utilities, Edward Willis. 
Arch Bridges of Hooped Cast Iron, Dr. Ing. Fritz von Em- 
perger. 
SESSION 5, 
Friday, Sept. 24, 2 p.m. 


Preliminary Municipal 
Welles Durham. 


Engineering at Panama, Henry 

Municipal Engineering and Domestic Water Supply in the 
Canal Zone, George M. Wells. 

Sanitation in the Panama Canal Zone, Charles F. Mason. 

Soliditit Concrete Roads in Italy, Prof. Luigi Luiggi. 


RAILWAY ENGINEERING 


SESSION 1. 
Tuesday, Sept. 21, 10 a.m, 


The Status of the Railways of North and South America. 
F. Lavis. 

Italian Railways, Prof. Luigi Luiggi. 

The Status of Indian Railways, Victor 

The Status of Chinese Railways, Charles Davis Jameson. 

The Status of Russian Railways, V. A. Nagrodsky. 

The Status of Railways and Tramways in the Netherland 
East Indies, P. Wellenstein. 


jayley. 


SESSION 2 


Tuesday, Sept. 21, 2 p.m. 


Economic Considerations Controlling and Governing the 
Building of New Lines, John F. Stevens. 

The Locating of a New Line, William Hood. 

The Reconstruction of the 
Mears. 

The Locating of a New Line, David Wilson. 

Railway Construction Methods and 
tralia, Maurice EK, Kernot. 


Panama Railroad, Frederick 


Equipment in Aus- 


SESSION 3. 
Thursday, Sept. 23, 10 a.m, 


American Railroad Bridges, J. 
Tunnels, Charles S. Churehill. 


Greiner. 


Tunnels in Italy, Prof. Luigi Luiggi. 
Tunnels in Switzerland, R. Winkler. 
Track and Roadbed, George H. Pegram. 
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SESSION 4. Recent Vrogress and Present Status of the Art of Forging 
with Special Reference to the Use of Quick-Acting 


Thursday, Sept. 23, 2 p.m. 
Forging Vresses, A. J. Capron, 


Locometive Development, R. Permanent Shops, Pacific Terminals, Panama Canal, H. D. 
Rolling Stock (other than Motive Power), A. Stucki. Hinman, A. L. Bell. 

The Floating Equipment of a Railroad, F. L. DuBosque. 

Railroad Terminals, B. F. Cresson, Jr. SESSION 2. 


” Tuesday, Sept. 21, 2 p.m. 
SESSION 5. 
mid Machine Shop Equipment, Methods and Processes, E. R. 
Friday, Sept. 24, 10 a.m. 


Norris, 
Electric Motive Power in the Operation of Railroads, Wil- Machine Shop Equipment, Methods and Processes, H. F. L. 
liam Hood. Orcutt. 
Electric Motive Power in the Operation of Railroads, E. H. Automaties. R. E. Flanders. 
McHenry. High Temperature Flames in Metal Workings, H. R. 
Signals and Interlocking, Charles Hansel. Swartley, Jr. 


SESSION 3. 


MATERIALS OF ENGINEERING CONSTRUCTION 
Wednesday, Sept. 22, 10 aan. 


The Gas Power System. A Survey of its Status in the 


Tuesday, Sept. 21, 10 a.m. Year 1915, Professor Charles Edward Lucke. 
Structural Timber in the United States, H. 8S. Betts, W. B. The Development of the Construction of Turbines in the 
Greeley. Netherlands, D. Dresden. 
Timber in Canada, R. H. Campbell. The 1915 Steam Turbine, FE. A. Forsberg. 
Indian Timbers used in Engineering Construction, R. 8. The Diesel Engine in America, Max Rotter. 
Pearson. 
3 SESSION 4. 
Timber in Russia, Mr. Tkachenko. 
Preservative Treatment of Timber, Howard F. Weiss, Clyde 
H. Teesdale, Developments in Modern Water Turbine Practice, Dr. HL. 
Zoelly. 
SESSION 2. Water Wheels of Pressure Type, Arnold Pfau. 
Tuesday, Sept. 21, 2 p.m. Hydraulic Power Development and Use, J. D. Galloway. 


Water Wheels of Impulse Type, W. A. Doble. 


Clay Products as an Engineering Material, A. V. Bleininger. : 
Canadian Hydraulic Power Development. Charles H. 


Aggregates for Concrete, S. E. Thompson. 


Probable and Presumptive Life of Concrete Structure Mitchell. 
made from Modern Cements, Bertram Blount. SESSION 5. 
Volume Changes in Concrete, Alfred H. White. Friday, Sept. 24, 10 a.m 


Use of Wood and Concrete in Structures standing in Sea 
Water, with Special Reference to Dock Work, Harrison 
S. Taft. 


Safety Engineering, Frederick Remsen Hutton. 

Motor Vehicles, Passenger Type, Ethelbert Favary. 

Motor Vehicles, Utility Type, A. J. Slade. i 

SESSION 38. Motor Tractors, F. S. Davis. 
Wednesday, Sept. 22, 10 a.m. 


SESSION 6, 
The Outlook for Iron, Prof. James Furman Kemp. Friday, Sept. 24, 2 p.m. 


Alloy Steels in Bridgework, J. A. L. Waddell. 
The Boiler of 1915, Arthur D. Pratt. 


SESSION 4. Compressed Air in the Arts and Industries, W. L. Saunders. 
Thursday, Sept. 23, 10 a.m. Equipment, Processes and Methods for Boiler Shop, EF. ©. 
The Economics of the World’s Supply of Copper, Thomas Meier. 
T. Read. 
Consumption of Copper and its various Uses, Thomas T. ELECTRICAL ENGINEERING 
Read, H. D. Hawks. SESSION 1. 
Alloys and their Use in Engineering Construction, W. Reu- Wednesday, Sept. 22, 2 p.m. 
ben Webster. : ; Economics of Electric Power Station Design, H. F. Par- 
The Engineering Uses of Aluminum, Prof. Jos. W. Richards. shall. | 
SESSION 5. The Water Power of Sweden, Sven Lubeck. ; 
> Thursday, Sept. 23, 2 p.m. Electric Power in Canadian Industry, Charles lh. Mitchell. ; 
The Effect of Hydro-Electric Power Transmission upon 


Testing of Materials, R. G. Batson. 
Testing Full Size Members, Gaetano Lanza. 
Proof Testing of Structures, J. E. Howard. Session 2. 


Economie and Social Conditions, Frank G. Baum. 


9 
MECHANICAL ENGINEERING Thursday, Sept. 23, 10 a.m. 


Electrical and Mechanical Installations of the Panama 
Canal, Edward Schildhauer. 


SESSION 1. 


Tuesday, Sept. 21, 10 a.m. Electric Welding, C. B. Auel, 
Recent Advances and Improvements in Founding, Thomas The Application of Electricity to the Heating of Metals, 
D. West (deceased). F. L. Bishop. 
Forgings from the Early Times until the Present, C. von The Electric Motor as an Economic Factor in Industrial 
Philip. Life, David B. Rushmore. 


/ 
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SESSION 3. 
Thursday, Sept. 23, 2 p.m. 

The Influence of the Electric Motor on Machine Tools, 
A. L. DeLeeuw. 

effects of Electrolysis on Engineering Structures, Albert F. 
Ganz. 

The Mechanical Problem of the Electric Locomotive, G. M. 
Katon. 

On the Production of High Permeability in Iron, Ernest 
Wilson. 


MINING ENGINEERING 
SESSION 1, 


Tuesday, Sept. 21, 10 a.m, 


Economic and Social Influence of Mining, W. H. Shockley. 

Valuation of Metal Mines and Prospects, T. A. Rickard. 

The Valuation of Oil Lands and Properties, M. E. Lom 
hardi. 

Valuation of Coal Mines and Lands, R. V. Norris. 

Valuation of Anthracite Mines, R. V. Norris. 

Valuation of Coal Lands, Samuel A. Taylor. 

Evaluating Coal Properties in Western Canada, R. W. Coul 
thard. 

Valuation in France, FE, Gruner. 


SESSION 
Wednesday, Sept. 22, 10 am. 
Functions and Work of Exploration and Development Com 
panies, H. W. Turner. 
European Mining Finance, J. L. Gallard. 
The Financing of Mines in the United States, Lucius W. 
Mayer. 
SESSION 5. 
Wednesday, Sept. 22, 2 pram. 
Organization and Staff of Mining Companies, W. H. Shock- 
ley, R. BE. Cranston. 
Relations of Governments to Mining, Horace V. Winchell. 
Mine Inspection, J. W. Paul. 


METALLURGY 
SESSION 1, 

Tuesday, Sept. 21, 2 p.m. 
Symposium on Tron and Steel, edited by Henry M. Howe. 
Iron and Steel Castings, John Howe Hall. 
Metallography and the Hardening of Steel, Albert Sauveur. 
Case Hardening of Steel, F. Giolitti. 
The Duplex Process of Steel Manufacture, F. F, Lines. 
Methods of Preventing Piping in Steel Ingots, Emil Gath- 

mann. 


SESSION 2. 
Thursday, Sept. 238, 10 a.m. 
Symposium on Copper, edited by E. P. Mathewson. 
Process in Copper Metallurgy, Thomas T. Read. 
Advances in Copper Smelting, Frederick Laist. 
Metallurgy of Copper in Japan, R. Kondo. 
Copper Metallurgy of the Southwest, Dr. James Douglas. 
Reduction Works. Copper Queen Consolidated Mining 
Company, Douglas, Arizona, Forest Rutherford. 
Advances made in the Metallurgy of Copper. Globe Dis- 
trict, Arizona, L. O. Howard. 
Improvements in Design and Construction of Modern Cop- 
per Plants, Chas. H. Repath, 
Session 3. 
Thursday, Sept. 23, 2 p.m. 
Symposium on Copper (Continued). 
Leaching Copper Ores, W. L. Austin. 
The Metallography of Copper, William Campbell. 
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Boronized Cast Copper, Dr. E, Weintraub. 

Electrolytic Refined Copper, A. C. Clark. 

The Development of Electrolytic Copper Refining, Law- 
rence Addicks. 

Physical Properties of Copper, Carle R. Hayward. 


SESSION 4. 
Friday, Sept. 24, 10 a.m. 


Symposium on Gold and Silver, edited by C. W. Merrill. 

Coarse Crushing Plant; 1,000 tons capacity, G, O. Bradley. 

Crushing and Grinding, L. D. Mills, M. H. Kuryla. 

Solution of Gold and Silver including Classification, M. H. 
Kuryla. 

Filtration or Separation of Metal Bearing Solution, L. D. 
Mills. 

Precipitation, G. TH. Clevenger. 


SESSION 5, 
Friday, Sept. 24, 2 p.m. 

Symposium on the Metallurgy of Zinc, edited by Walter 
Renton Ingalls. 

Some Main Points in the Economics of the Metallurgy of 
Zine, Walter Renton Ingalls. 

The Development of Zine Smelting in the United States, 
George C. Stone. 

The Smelting and Refining of Lead, Dr. H. O. Hofman. 

Symposium on the Utilization of Fuels in Metallurgy. 
edited by C. H. Fulton. 

lulverized Coal in Reverberatory Furnaces, D. H. Browne. 

turning Pulverized Coal in Copper Reverberatories, E. VP. 
Mathewson. 

Gas Producer Development, Z. C. Kline. 

Surface Combustion (What is it?7), C. Lucke. 

Ore Dressing, Robert H. Richards. 


NAVAL ARCHITECTURE AND MARINE ENGINEERING 


SESSION 1, 
Tuesday, Sept. 21, 10 a.m, 

Ship Calculation, Resistance and Propulsion, I). W. Taylor. 

Ocean Freighters, Ernest H, Rigg. 

Recent Developments in Japanese Shipbuilding, Dr. &. 
Terano. 

Bulk Freight Vessels of the Great Lakes, Prof. Herbert C. 
Sadler. 


SESSION 2. 
Wednesday, Sept. 22, 10 a.m. 

River, Lake, Bay and Sound Steamers of the United States, 
Andrew Fletcher. 

Special Types of Cargo Steamers for the United Coast to 
Coast Trade through the Panama Canal, George W. 
Dickie. 

The Development of the Sail Yacht. Steam Yacht aad 
Motor Yacht in American Waters, William Gardner. 

The Lightship, G. C. Cook. 

SESSION 3. 
Wednesday, Sept. 22, 2 p.m. 

Warships of the First Line of Battle, Colonel Kk. Ferretti. 

The Submarine, R. H. M. Robinson. 

Present Condition of the Submarine, Max A. Laubeuf. 

Modern Marine Gun Armament, H. F. Leary. 

General Problem of Naval Warfare, D. W. Knox. 

SESSION 4. 
Thursday, Sept. 23, 10 a.m. 

Marine Boilers and Boiler Room Equipment, Charles F. 
Bailey. 

The Development of the Marine Steam Turbine, H. C. 
Dinger. 
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The Application of the Steam Turbine to Marine Propul- 
sion, J. F. Metten. 
Recent Developments in Marine Engineering in Japan, Dr. 
M. Tsutsumi. 
SESSION 5, 
Thursday, Sept. 23, 10 a.m. 
Coaling Plants and Floating Cranes of the Panama Canal, 
F. H. Cooke. 
Cargo Handling Methods and Appliances, H. McL. Harding. 
Some Economic Fundamentals of Freight Handling, David 
B. Rushmore. 
The Modern Trend in American Marine Terminals, Robt. 
H. Rogers. 
Cargo Handling Methods and Appliances, James A. Jack- 
son. 
SESSION 6. 
Friday, Sept. 24, 10 a.m. 
Fuel Oil, E, H. Peabody. 
The Application of Diesel or Heavy Oil Engines to Marine 
Propulsion, G. C. Davison, 
The Diesel Motor Applied to Marine Purposes, C. Kloos. 
SESSION 7. 
Friday, Sept. 24, 2 p.m. 
Terminal Works, Dry Docks and Wharves of the Panama 
Canal, H. H. Rousseau. 
Aids to Navigation of the Panama Canal, W. F. Beyer. 
American Graving Dock Practice, Leonard M. Cox. 
Dry Docks recently built in Italy, Prof. Luigi Luiggi. 


MISCELLANEOUS 
SESSION 1 (Aviation). 
Wednesday, Sept. 22, 10 a.m. 

Aeronautics, Dr. A, F. Zahm. 

Arrival of the Aeroplane, A. E. Berriman. 

A Discussion concerning the Theory of Sustentation and 
7 Expenditure of Power in Flight, F. W. Lanchester. 
< Principles and Theories of Aerodynamics, J. C. Hunsaker. 


SESSION 2 (Refrigeration). 
Thursday, Sept. 23, 10 am. 
Refrigeration, J. F. Nickerson. 
Refrigeration, Thor Andersson. 
> Refrigeration in France, L. Marchis. 
SESSION 8 (Agricultural Engrg. and Engineering Education). 
Friday, Sept. 24, 10 a.m. 
Agriculture and the Engineer, J. B. Davidson. 
Some Observations on the Extent and Value of Farm 
Power Equipment, Philip S. Rose. 
Some Considerations Regarding Engineering Education in 
America, George F. Swain. 
Technical Education for the Professions of Applied Science, 
Ira N. Hollis. 
Session 4 (Heating and Ventilation). 
Friday, Sept. 24, 2 p.m. 
Introductory Paper, R. C. Carpenter. 


Recent Developments in Heating and Ventilating Art, D. D. 
Kimball. 

Vacuum, Vacuo-Vapor and Atmospheric Heating Systems, 
Jas, D. Hoffman. 

Recent Developments in Ventilating Machinery, W. H. 
Carrier. 


CLOSING GENERAL SESSION. 
Saturday, Sept. 25, 11.30 a.m. 
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MEETINGS OF OTHER SOCIETIES 


The American Society of Civil Engineers, the Amer- 
ican Institute of Mining Engineers, and the American 
Institute of Electrical Engineers will also hold Septem- 
ber meetings in San Francisco in the week preceding 
the International Engineering Congress. The head- 
quarters of these societies and their places of meeting 
are listed below: 

Society Headquarters Meetings Dates 


A. St. Francis Hotel at headquarters Sept. 16-18 
A. I. M. E. Hotel Bellevue at headquarters Sept. 16-18 


A. ILE. E. St. Francis Hotel { sept. 16-17 

The meeting of the American Society of Civil Engi- 
neers is the Forty-seventh Annual Convention of the 
Society. The program includes a welcoming address 
by President Charles D. Marx; a Panama Canal ses- 
sion ; a reception, dinner and dance in the Old Faithful 
Inn on the grounds of the Panama-Pacific Interna- 
tional Exposition, and excursions to Del Monte, Santa 
Cruz and San José. The Society, through its Secre- 
tary, Chas. Warren Hunt, has extended a cordial in- 
vitation to the membership of our Society to partici- 
pate in these events. 


THE ENGINEERS’ SPECIAL 


In the July issue of The Journal reference was made 
to the ‘* getting-together ’’ arrangements for the en- 
gineers of the five national engineering societies that 
are to journey to San Francisco via the Engineers’ spe- 
cial train on the New York Central, leaving New York 
7.45 p.m., Thursday, September 9. A large party is 
scheduled for this train, the names of a considerable 
number of whom were listed in the July issue. Since 
that issue, several additional reservations have been 
made, and those among the membership who were not 
referred to in the previous list, are named below : 

J. W. Upp 

Henry Hess and Mrs. Hess 

H. H. Barnes, Jr. 

Gano Dunn 

Emmett B. Carter and one 

J. A. Seymour, Mrs. Seymour and Miss Seymour 

William N. Best 

Kenneth Seaver 

E. L. Folsom and Mrs. Folsom 

L. C. Marburg 

Miss Kate Gleason. 

H. M. Wilson and Mrs. Wilson 

Charles Whiting Baker 

S. Haar and party 

Ralph E. Flanders 

H. R. Cobleigh 


PANAMA-CALIFORNIA EXPOSITION 


The Exposition now being held at San Diego, Cali- 
fornia, is within easy reach of those visiting the Pacific 
Coast. This Exposition is also in commemoration of 
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the opening of the Panama Canal, but its theme is the 
exploitation of the possibilities and opportunities of 
the various sections of this coast, from Alaska to Peru. 

The Exposition is staged in Balboa Park, in the heart 
of the city of San Diego, and its exhibits are grouped 
in an educational and attractive manner in twelve 
buildings. 


PANAMA-PACIFIC INTERNATIONAL EXPOSITION 


The interest of the visiting members will probably 
center in the Exposition and its many features of at- 
traction. The points of particular interest to the mem- 
bers of the Society will be the Manufactures and Va- 
ried Interests Building; the Machinery Building; the 
Mines and Metallurgy Building, and the Education 
Building. 

The great palace of Machinery is the largest on the 
Exposition site and is nearly a thousand feet in length. 
In this palace numerous groups comprising examples 
of steam generators and motors, internal combustion 
motors, hydraulic motors, and wood and metal working 
tools are shown. 

The exhibits in the palace of Mines and Metallurgy 
deal with the natural mineral resources of the world, 
their conversion into metal and manufacture in raw 
materials and forms for the various industries. 

Education is represented by examples including 
methods of vocational training and municipal training, 
in addition to general educational work of schools and 
universities. 

The Manufactures and Varied Industries palace con- 
tains products of manufacture and manual skill from 
all nations of the world. 

EXCURSIONS 

For the benefit of members visiting San Francisco 
for the September meeting and the Congress, the fol- 
lowing excursions to important engineering activities 
in California have been arranged. Some of these will 
be made by automobile without expense, and others 
will be at the cost of a round trip ticket. 

September 18: San Francisco High Pressure Fire 

System. 

Portrero Gas Works Electric Station A, Pacific 
Gas & Electric Co. 

Spring Valley Water Works. 

September 19: Delta Lands of the Sacramento and 
San Joaquin Rivers. 

Spring Valley Water Works. 

September 17 to 18: Great Western Power Com- 
pany’s Hydroelectric development on the Feath- 
er River. 

Gold dredging at Oroville. 

September 18 to 19: Pacifie Gas & Electric Co.’s 
Hydroelectric development at Lake Spaulding 
and Drum Power House. 

North Star & Empire Mines at Grass Valley. 

September 17 to 19: Oil fields at Coalinga. 


THE RETURN TRIP 


Members of the party that go to San Francisco by 
the Engineers’ Special have the privilege of returning 
by any one of several routes, which are given below. 
Rates for any of these routes will be gladly quoted by 
Mr. Harner, the New York Central Lines agent. 

Via Southern Pacific or Western Pacific to Ogden and 
Salt Lake City, over the Rocky Mountains to Den- 
ver or Cheyenne, thence via Chicago or St. Louis. 

Via Los Angeles, San Pedro Route to Salt Lake City, 
and thence as above. 

Via Los Angeles, the Santa Fé Route through Albu- 
querque (also to Denver if desired) to Chicago. 

Via Los Angeles, El Paso and the Rock Island Route 
to Chicago. 

Via Los Angeles and El Paso to New Orleans, thence 
via St. Louis, Chicago or Cincinnati. 

Via Portland, Tacoma, or Seattle, thence via Ogden 
and Salt Lake City and the Rocky Mountains to 
Cheyenne or Denver, and Chicago or St. Louis. 

Via Portland, Tacoma and Seattle to St. Paul, thence 
via Chicago. 

Via Portland and Tacoma to Seattle, steamer or rail to 
Vancouver, thence via the Canadian Rockies, Win- 
nipeg and St. Paul to Chicago. 


VOLUME 36 OF TRANSACTIONS 

The annual volume of Transactions for 1914 has 
been distributed to the membership during the past 
month. This volume, like the previous ones, contains 
the papers and discussion given at the Annual and 
Spring meetings, in this case the Spring meeting at St. 
Paul-Minneapolis, together with reports of commit- 
tees. 

At the St. Paul-Minneapolis meeting there was 
given besides the miscellaneous papers, the symposium 
on powdered fuel, which is included in the volume; 
and among the miscellaneous papers were three con- 
tributed by local engineers on coal handling methods 
on the Great Lakes, flour milling and the hydraulic 
power development on the Mississippi River. 

At- the annual meeting there was a symposium on 
Locomotives of To-day, covering features of design and 
the results of operation of modern locomotives. There 
was also an all day meeting under the direction of the 
Publie Relations Committee at which nine papers 
were presented on the general topic of the engineer in 
publie service. 

It is noteworthy that of the 45 papers and reports 
included in the volume, no less than 23 were prepared 
through the efforts of committees of experts in their 
respective fields, by which the authoritative character 
of the contributions is appreciably enhanced. There 
are 145 individual contributors, besides those who col- 
Jaborated in the preparation of the several reports. 

It was possible to include in this number of Trans- 
actions the report of the Boiler Code Committee in its 
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revised form, an early draft of which was sent to each 
member last November. This report is the most ex- 
tensive, and will probably be the most far-reaching in 
its results, of any single undertaking by the Society 
up to the present time. Four states and one city have 
already adopted its provisions. 

The variety of the papers presented and the wide 
scope of their contents is indicated by the following 
classified list of topics which were covered by the pa- 
pers and discussion at the Annual and Spring meet- 
ings for 1914 and which are ineluded in this volume: 


SUBJECT CLASSIFICATIONS 


Abrasives. Factory buildings. 

Air compressor unloaders. Feed water heaters, 
Appraisals, Filters, 

Ash fusion temperatures. Fireproof construction. 
Biography. Flanged fittings. 

Sonus payments, Floors, 

Cast iron pipes. Flour milling. 

Cement kilns. Friction losses. 


Clinkering of coal. Fuel. 
Coal classification. Furnaces. 


Crane wheels. 


Fusion temperatures. 
Damage cases. 


Gear testing machines. 


Dams. Grinding wheels. 
Economie problems. Hardening steel. 
Efficiency. Heating boilers. 
Electric drives. Heating value of fuels. 


Electric lighting plants. Hooke'’s joint. 
Engineering training. Hydroelectric development. 
Ethies. Industrial service work. 


Ingots. 

Locomotives. 

Materials of construction. 
Meetings. 

Methane. 

Milling machines. 
Municipal engineering, 
Natural gas. 

Necrology. 

Police arm. 

Powdered fuel. 

Power plant auxiliaries. 
Publicity. 

Railroad equipment. 
Railroad scales, 
Recorders. 

Reinforced concrete. 
Sewage disposal. 
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Show removal. 
Society affairs. 
Specifications. 
Standardization. 
Steam boilers. 
Steel rails. 
Stokers. 

Storage of fuel. 
Superheaters. 
Symbols, 
Testing meters, 
Time studies. 
Tool steel. 
Transportation of fuel. 
Universal joint. 
Water meters. 
Water power. 
Weighing scales. 


THE USE OF MEMBERSHIP CARDS 


The membership is warned to be on guard against 
persons representing themselves as members of the So- 
ciety. Complaints continue to be received that men 
posing as members are attempting to borrow money. 

Membership requirements were never so strict: as 
they are to-day, and you will protect the Society as 
well as vourself by requiring a stranger announcing 
himself a member to show the introductory card. 
Every member of the Society in good standing receives 
a card of introduction every vear with the date clearly 
shown. 


APPLICATIONS FOR MEMBERSHIP 


TO BE VOTED FOR ON OCTOBER 10, 1915 


Members are requested to scrutinize with the utmost 
care the following list of candidates who have filed ap- 
plications for membership in the Society. These. are 
sub-divided according to the grades for which their 
ages would qualify them and not with regard to pro- 
fessional qualifications, i.e., the ages of those under the 
first heading would place them under either Member, 
Associate or Associate-Member, those in the next class 
under Associate-Member or Junior, while those in the 
third class are qualified for Junior grade only. Appli- 
cations for change of grading are also posted. 


NEW APPLICATIONS 


FOR CONSIDERATION AS MEMBER, ASSOCIATE OR ASSOCIATE- 
MEMBER 


AuMeIpA, Manvuet G. Rosapo, Sales Engr., De La Vergne 
Mch. Co., Merida, Yueatan, Mexico 


Baker, Norman L., Mech. Engr., By-Products Coke Corp., 
Chieago, Ill. 


Baker, Wo. H., Asst. Genl. Supt., The Atlas Portland Ce- 
ment Co., Hannibal, Mo. 


Ba.LouGHu, CHARLES, Cons. Engr., Springfield, Ohio 


Barnes, WALTER E., Vice-Pres., Consolidated Engrg. Co., 
Boston, Mass. 

Beakey, Patrick J., Foreman Type Dept., Royal Type- 
writer Co., Inc., Hartford, Conn. 


BEAUBIEN, JAMES A., Mech. Engr., Weber Subterranean 
Pump Co., New York, N. Y. 


The Membership Committee, and in turn the Coun- 
cil, urge the members to assume their share of the re- 
sponsibility of receiving these condidates into Member- 
ship by advising the Secretary promptly of any on 
whose eligibility for membership is in any way ques- 
tioned. All correspondence in regard to such matters 
is strictly confidential, and is solely for the good of the 
Society, which it is the duty of every member to pro- 
mote. These candidates will be balloted upon by the 
Council unless objection is received by October 10, 
1915. 


Bergman, Cart Axe, Palmarito de Cauto, Oriente, Cuba 


Buack, ALEXANDER L., Engr. in charge of design and con- 
struction, New Orleans Office, Ford, Bacon & Davis, 
New Orleans, La. 


Boyp, James E., Prof. of Mechanies, Ohio State Univ., 
Columbus, Ohio 


Boy.e, Wa. Geo., Mech. Supt. & Engr., Estate of Henry W. 
Oliver, Pittsburgh, Pa. 


Brewster, Henry B., Engr., with H. S. Kerbaugli, Inc., 
New York, N. Y. 

Brunner, Geo. L., Treas. & Genl. Mgr., Brunner Mfg. Co., 
Utiea, N. Y. 

Bryan, Artis Cuester, Chief Engr. & Factory Mgr., Lefever 
Arms Co., Syracuse, N. Y. 


Cuacr, Ernest M., Wks. Mgr., The Cincinnati Milling Meh. 
Co., Cincinnati, Ohio 
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CHarues, LA Vern Joun, Civil Engr., Constr. Engr., U. 8. 
Reclamation Service, Elephant Butte, New Mexico 


CLAKK, Henry D., with Alloy Steel Spring Co., Jackson, 
Mich. 


Couuison, THomas A., Mech. Engr., Mt. Vernon Car Mfg. 
Co., Mt. Vernon, Ill. 

CUNNINGHAM, GerorGe F., Owner, Cunningham Construe- 
tion Co., Blissville, Ark. 

Doyie, Epmunp M., Mgr., Doyle Estate Co., San Francisco, 
Cal. 

Evy, Haroun F., Mech. Draftsman, Alberger Pump & Con- 
denser Co., New York, N. Y. 

ENGLert, ALrrep, Mech. Engr., Lidgerwood Mfg. Co., New 
York, N. Y. 

Firrs, Evwix, Engr., Detroit Stoker Co., Detroit, Mich. 

Forney, J. Raymunp, Southern Rep., Ralston Steel Car Co. 
of Columbus; Baltimore, Md. 

Giuerarpi, Bancrorr, Engr. of Plant, American Telephone 
& Telegraph Co., New York, N. Y. 

Ginonio, Francisco R., Elee. Engr., Cuban-American Sugar 
Co., Central Delicias, Oriente, Cuba 

Grancer, Dean, Pres., A. D. Granger Co., New 
York, N. Y. 

Gravtier, Leste V., Dist. M.P. Insptr., Pittsburgh Dist. & 
Chicago Div., Baltimore & Ohio Railroad, Pittsburgh, 
Pa. 

Gvuicnarp, C. G., Columbia, 8S. C. 

Hapiey, Samvuen L., Asst. Dir. of Sales, Fairbanks, Morse 
& Co., Chieago, Ill. 

Haut, Rotanp B., Mgr. New York Office, Harrisburg 
Fdry. & Mech. Co., New York, N. Y. 

HeNverson, Matcotm MeG., Chief Mech. Engr., Australian 
Commonwealth Rwys., Melbourne, Australia. 

HeNNING, Warren K., Sales Engr., Murphy Lron Works, 
Chicago, Il. 

Hieks, Wa. A. B., Chief Draftsman, IL. P. Morris Co., Phila- 
delphia, Pa. 

Hircucock, Harry S., Treas., Baker Tron Works, Los An- 
geles, Cal. 

Honart, Henry M., Cons. Engr., General Elee. Co., Schenee- 
tady, N. Y. 

Howes, Bensamin A., Engineer in private practice, New 
York, N. Y. 

Hoxie, V. W., Marine Dept., The Babeock & Wileox Co., 
Pacifie Coast Branch, San Francisco, Cal. 

Hvurr, Russeii, Cons. Engr., Packard Motor Car Co., De- 
troit, Mich. 

JetLerr, Stewart A., Cons. and Constr. Engr., Philadel- 
phia, Pa. 

Jounson, Georce A., Mech. Supt., with W. H. Miner, Chi- 
eago, Ill. 

Jones, Harotp C., Asst. to Vice-Pres., Inland Steel Co., 
Chieago, Ill. 

Kern, Bernarp J., Exhibit Mgr., The Bristol Co. of Water- 
bury, Conn., Palace of Machinery, San Francisco, Cal. 

LANGILLE, Hernert B., Asst. Prof. Meh. Design and Meeh. 
Drawing, Univ. of Cal., Berkeley, Cal. 


Larkin, Frep V., Asst. Prof. Mech. Engrg., Lehigh Univ., 
So. Bethlehem, Pa. 


LeuMAN, WERNER, Mech. Engr., Bueyrus Co., South Mil- 
waukee, Wis. 


Lewis, E. J., Supt., Climax Mfg. Co., Corry, Pa. 


Lewis, Grorce Wa., Asst. Prof. Mech. Engrg. in charge of 
Exper. Engrg., Swarthmore College, Swarthmore, Pa. 


Lewis, Warren B., Cons. Engr., Providence, R. I. 


LicutNer, Wituiam ©., Cons. Engr., Newton Highlands, 
Mass. 


Loosr, Turron L., Genl. Supt., Hendee Mfg. Co., Spring- 
field, Mass. 


Lystrer, T. L. B., Chief Engr., Hooker Electrochemical Co., 
Niagara Falls, N. Y. 

MacLrop, Norman MacCatium, Lab. Elee. Engr., Western 
Electric Co., New York, N. Y. 

Maas, Exvov F., Chief Draftsman Machinery Div., Navy 
Yard, Puget Sound, Wash. 

Mancuester, Henry C., Supt. of Motive Pwr. & Equip., 
Delaware, Lackawanna & Western R.R.. Seranton, Pa. 

Matuey, Henry C., Asst. Engr., Underwriters’ Laboratories, 
Ine., New York, N. Y. 

Merrex, Joun F., Chief Engr., Wm. Cramp & Sons Ship 
& Eng. Bldg. Co., Philadelphia, Pa. 

Morss, Henry A., Vicee-Pres., Simplex Wire & Cable Co., 
also The Morss & Whyte Co., Boston, Mass. 

Nos_e, Howarp A., Vice-Pres., Pittsburgh Spring & Steel 
Co., Pittsburgh, Pa. 

Packer, E. Ray, Mech. Engr., The Q & C Co., Chicago, Il. 

Parren, Pauw J., Engr., Barrett Mfg. Co., New York, N. Y. 

Parce, Josepu Yaue, Director Shop Work, Manual Training 
High School, Denver, Colo. 

Prout, Freperick G., Cons. Engr., Memphis, Tenn. 

Russ, Joun B., Mech. Supvr., The Robert N. Bassett Co., 
Derby, Conn. 

Sanpers, W. E., Mgr. Packing Dept., Essex Rubber Co., 
Trenton, N. J. 

Suaw, Wat. M., Vice-Pres. & Genl. Mgr., The Benj. F. Shaw 
Co., Wilmington, Del. 

Situ, H., Production Engr., Sefton Mfg. Co., Chi- 
eago, Ill. 

Siru, James C., Supt., McNab & Harlin Mfg. Co., Pater- 
son, N. J. 

Srreipr, Apranam, Hyd. Engr., Fargo Engrg. Co., Jackson, 
Mich. 

Tompkins, Grorce R., Head of Mech. Dept., Wilberforce 
Univ., Wilberforce, Ohio 

Vockr, Cuas. Wa., Developing patent claims, Ridgewood, 
N. J. 

Want, Henry R., Mech. Engr., Commonwealth Edison Co., 
Chicago, Ill. 

Waker, F. W., Jr., Genl. Mgr., Beaver Falls Art Tile Co., 
Beaver Falls, Pa. 

Watkins, Epwarp G., In charge Engrg. Dept., Heywood 
Bros. & Wakefield Co., Gardner, Mass. 

Wuite, Haroip FE., Controller Engr., Crocker-Wheeler Co., 
Ampere, N. J. 

Artuvur, Genl. Commercial Mgr., The New York 
Edison Co., New York, N. Y. 

Wooparp, Wm. E., Asst. Chief Engr., Amer. Loco. Co., 
Schenectady, N. Y. 
FOR CONSIDERATION AS ASSOCIATE-MEMBER OR JUNIOR 

Anne, Roy H., Mech. Engr., Towle Mfg. Co., Newburyport, 
Mass. 


Apair, CraiG, Mech. Engr., The Baldt Steel Co., New Cas- 
tle, Del. 
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Airey, Joun, Asst. Prof. of Engrg. Mechanics, Univ. of 
Mich., Ann Arbor, Mich. 

Bronson, Car.os E., Asst. Mech. Engr., Kewanee Boiler Co., 
Kewanee, Ill. 

Ambrose T., Electrician, Dept. of Publie Chari- 
ties, Staten Island, N. Y. 

Cons, Howarp P., Industrial Engr., D. B. Lewis & Co., Bos- 
ton, Mass. 

Curtiss, CHARLES B., with The Wickes Boiler Co., Sagi- 
naw, Mich. 

DANIELS, CLARENCE W., Plants Engr., Norton Co., Worces- 
ter, Mass. 

FreNCH, CHarues M., Sales Engr., Wagner Elec. Mfg. 
Springfield, Mass. 


Graves, Raupu I1., Mech. Asst. to Genl. Pur. Agt., Chicago 
& North Western Rwy. Co., Chicago, Il. 

GRUNERT, ARTHUR E., Asst. Efficiency Engr., Commonwealth 
Edison Co., Chicago, Il. 

Hempe., G., Denver, Colo. 

Heywarp, THEopore C., Asst. to Thomas B. Whitted, Char- 
lotte, N.C, 

Noursé, CHESTER Linwoop, Mech. Engr., The Fiberloid Co., 
Indian Orchard, Mass. 

Pew, Josepu N., Jr., Vice-Pres., Sun Co., Philadelphia, Pa. 

R., Mech. Engr., The Canadian Klondyke 
Mining Co., Ltd., Dawson, Y. T., Canada 

Reep, Harry A., Resident Engr., Stone & Webster Engrg. 
Corp., Boston, Mass. 

Reeps, CLAreNcE, Cons. Engr. with John A. Stevens, Lowell, 
Mass. 

Sees, Josepu Frank, Asst. Chief, Equip. Engrg. Div., Union 
Metallie Cartridge Co., Bridgeport, Conn. 

Tuompson, Pau W., Tech. Engr., The Edison Ill. Co., De- 
troit, Mich. 

WinG, Stepuen R., Prof. Mech. & Elec. Engrg., Pennsyl- 
vania College, Gettysburg, Pa. 

FOR CONSIDERATION AS JUNIOR 

BLaNk, Bernarp, Elec. Designer, Pennsylvania Railroad, 
West Jersey & Seashore Div., Camden, N. J. 

Burtey, E. R., Jr., Asst. Engr., Old Reliable Motor Truck 
Co., Chieago, Ill. 

Depicke, Cari E., Engr., The Felters Co., Ine., Middleville, 


Dickey, Ratpu L., Planning Clerk, Warren Power Sta., 
N. Y., N. H. & H. R. R., Warren, R. I. 

Enpicorr, GrorGe, with The Morgan Spring Co., Worcester, 
Mass. 

Foiumer, Cuinton L., Mech. Engr., The Consolidation Coal 
Co., Ine., Fairmont, W. Va. 

Frankuin, Paun A., Supt. of Newark Warehouse, Ameri- 
ean Sanitary Wks., Harrison, N. J. 

Gut.rorp, Epwarp F., Asst. Supt. of Dial Dept., Hamilton 
Watch Co., Laneaster, Pa. 

Howe, Jack L., Estimator & Salesman, Otis Elev. Co., San 
Francisco, Cal. 

Hoyt, Frank W., Engr., Winchester Repeating Arms Co., 
New Haven, Conn. 

Laver, CarLeton J., Tiffin, Ohio 
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Mackenzir, G. Fart, Research Dept., Western Elee. Co., 
New York, N. Y. 

May, Howe. B., Special Apprentice with American Steel 
Foundries, Alliance, Ohio 

NeEIL, Epuunpd B., Personal Asst. to Chief Eng., Truck Dept., 
Pierce-Arrow Motor Car Co., Buffalo, N. Y. 

Norris, J. Boyp, Jr., Oiler with The Coastwise Transporta- 
tion Co., Boston, Mass. 


ParseLL, Roy Linwoop, with Winchester Repeating Arms 
Co., New Haven, Conn. 


Keynoutps, JAMES J., Genl. Supt., Thurlow Steel Works, 
Ine., Chester, Pa. 


SCHAEFER, Water A., Underwriter with Workmen’s Com- 
pensation Insurance & Ocean Accident & Guar. Corp., 
Ltd., New York, N. Y. 

SCRANNAGE, LAWRENCE E.,, Asst. in Planning Dept., Reming- 
ton Arms & Ammunition Co., Bridgeport, Conn. 

Snort, Frank, Instr. in Elec. Engrg., Univ. of Pennsyl- 
vania, Philadelphia, Pa. 

Stark, Witter E., Engr., The B. F. Sturtevant Co., Hyde 
Park, Mass. 

Srraper, RoLaAND Haron, Jr. Asst. to Supt., Standard Gas 
Light Co., New York, N. Y. 


STURMPELSZ, Grorce J., Jr., Draftsman, Maryland Steel Co., 
Sparrows Point, Md. 

Voorures, Abert C., Head of Teeh. Dept., Lake Torpedo 
Boat Co., West Coast Branch, Long Beach, Cal. 


Weiss, Herbert A., Asst. Prot. in Drawing, Georgia School 
ot Tech., Atlanta, Ga. 


Witton, Htveu, Dir. of Mech. Shop Practice & Trade, State 
Trade School, Putnam, Conn. 
APPLICATIONS FOR CHANGE OF GRADING 
PROMOTION FROM ASSOCIATE 
Bass, W. J., Wittarp J., Engr., Armour & Co., Chicago, Il. 


Thompson, O. C., Mech. Engr., Wirebounds Corp., Chieago, 


Ill. 
PROMOTION FROM ASSOCIATE-MEMBER 
Misostow, Henry, Mech. Engr., Smoke Dept., City of Chi- 
cago, Chicago, Il. 
Wricnut, Pau, with American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
PROMOTION FROM JUNIOR 


BLUMENFELD, RaLpH, Asst. Mech. Engr., Keller Meeh. Engr. 
Co., Brooklyn, N. Y. 


BraMANn, SAMUEL N., with The Morss & Whyte Co., Boston. 
Mass. 


Carter, T., Supt., Lucknow 


Water Works, Luek- 
now, India 


Woops, Samvue. H., Asst. Engr., Elec. Div., General Vehicle 
Co., Ine., Long Island City, N. Y. 
SUMMARY 


Applications for change of grading: 


Promotion from 2 
Promotion from 2 
4 
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NEW APPLICATIONS FOR LISTING IN THE 1916 YEAR BOOK 


Applications should be filed by September 27, in order that those elected may qualify 
in time to be included in the list of members appearing in the 1916 issue of the vear book. 


THE CONNORS CREEK PLANT OF THE DETROIT EDISON 
COMPANY 


BY C. F. HIRSHFELD, DETROIT, MICH. 
Member of the Society 


HE phenomenal growth of Detroit’s population and in- 
i i dustries has been widely heralded, but it is probable 
that the extent of this growth and its significance to the cen- 
tral station industry is not appreciated by those not closely 
in touch therewith. For this reason the curves in Fig. 1 are 
shown. The upper curve, showing the variation of popula- 
tion during the past decade, is probably approximately cor- 
rect, because it fits smoothly into the curve obtained by plot- 
ting United States Census figures and because it cheeks very 
closely with the more accurate of the estimates which have 
been made from time to time. This curve indicates that the 
population of Detroit in 1914 was about 1.6 times as great 
as it was in 1904, just ten years before. 

The annual output of the central stations, as given by the 
next lower full-line curve, has increased much more rapidly 
than the population. In the year 1914 it was about 21.4 
times as great as in 1904. The fact that the maximum an- 
nual peak was only ten times as great in 1914 as in 1904 in- 
dicates that a very large part of the increased annual output 
was due to increased industrial application. This is also 
partly indicated by the curve showing variation of load 
factor. 

A map of the City of Detroit is given in Fig. 2. The 
heavy full lines radiating, roughly, from a point near the 
bottom center of the figure indicate radial streets upon which 
the principal car lines are operated. These naturally deter- 
mine the directions of growth and they indicate that, other 
things equal, Detroit’s area may be expected to preserve a 
roughly semicircular shape as it expands. The heavy dotted 
lines indieate the rights of way of the various steam rail- 
roads entering the city. Other things equal, these rights of 
way, combined with the river frontage, indicate the probable 
future loeations of the larger manufacturing industries. Ap- 
parently, these industries may be expected to seatter all along 
these lines in the future, as they have in the past. 

The small rectangular spots indicate the locations of the 
various substations of the Detroit Edison Company. These 
are so drawn that the length of a side indicates the relative 
capacity. The concentration near the center from which the 
radial streets diverge is due to the fact that this is the busi- 
ness center of the city and that it is served with direct ecur- 
rent. This gives a very concentrated and very important di- 
rect current load at this point. 

The two cireular spots near the lower left hand corner of 
the figure indicate the location of Delray power houses No. 1 
and No. 2. These have an aggregate maximum capacity of 
about 95,000 kw. and contained practically all the generating 
equipment of the company before the Connors Creek plant 
was built. They are adjacent to one another and operated 
as one plant. 

When it became evident about 1912 that greatly increased 
capacity would soon be required, two possible solutions were 
available; a third power house could have been built at the 
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Delray site or a new site could have been selected. Consid- 
eration of the direction of growth of the city; the rapidly 
increasing population and industrial development of the 
east side; the location of the heavy direct current load; neces- 
sity for continuity of service with an ever increasing com- 
plexity of distribution system fed from one point near 
what might be called a corner of the city; and numerous 
similar items resulted in the choice of a new site, despite the 
many duplications which such a choice involved. The traas- 
mission loss in underground cables of a mean length of seven 
miles required to serve the growing east side manufacturing 
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district and the fixed charges on these cables and their con- 
duits were, by themselves, almost adequate to determine the 
choice. 

The site chosen is indicated by the circular dot near the 
lower right hand corner of Fig. 2. Being on the river front, 
excellent condensing water is available in enormous quanti- 
ties. In this respect, it is even better situated than the older 
site at Delray, as the river flows from the newer toward the 
older site and picks up all the sewage of the city while pass- 
ing the water front. Being at the river end of a terminai 
railroad, the new site can be supplied with coal as easily us 
the old site, and if water transportation of coal should be- 
come profitable, both sites are equally well located to avail 
thereof. 

Considering the distribution problems, the new site may be 
said to be strategically located as a combination with the 
older site at Delray. A glance at the map and a study of the 
radiating streets and of the railroads, will show this very 
clearly. 

The Connors Creek site is large enough to accommodate 
two power houses, each with greater capacity than that of the 
two power houses at Delray combined. The first house was 
planned to accommodate six 25,000 k.v.a. units, but it seems 
probable that this unit size will be increased before the last 
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units are installed. The plan of this house is shown in Fig. 
3, together with the canals and tracks which serve it. The 
river is located beyond the left-hand side of the figure and 
runs in a direction roughly parallel to the left-hand end of 
the plate, and upward. The diagonal position of the plant 
was dictated by the shape of the site, the necessity of leaving 
room for a future power house, the curves required for rail- 
road tracks, and the location of the river which determined 
the direction and location of the canals. One-third of the 
first power house on the Connors Creek site has been built 
and two of the proposed six units are installed. The build- 
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capacity. This crusher breaks from 18-in. cubes, or smaller, 
to 100 per cent through a 154-in. ring. 

The crusher discharges directly into a motor-driven, con- 
stant-speed, lapping bucket conveyor with 30 by 36 in. buek- 
ets. This conveyor forms an endless chain which entirely 
encloses the section of the boiler house, as indicated in Fig. 
5. It carries the coal up on the side nearest the coal shed 
and discharges it into any one of the three coal bunkers 
which serve the two boilers of one unit. The hopper, pan 
conveyors, crusher and bucket conveyor for each unit of one 
turbine and two boilers are so located that they ean deliver 
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ing is closed with a temporary end, so that the machinery 
now installed can be operated until and while future exten- 
sions are being constructed. The intake and overflow canals 
are completed in full size for six units. 

An architect’s drawing of the finished power house is given 
in Fig. 4 and a sectional elevation in Fig. 5. The latter 
shows the construction to best advantage and should be con- 
sulted in connection with the description which follows. 

The coal enters the train shed in drop-bottom ears (usually 
of the 50-ton size) which move on the lower group of tracks 
shown in Fig. 3 after being weighed on the railway scales in- 
dicated near the upper left-hand corner of that figure. The 
ears dump into hoppers under the tracks in the train or coal 
shed, there being one hopper for each unit of one turbine 
and two boilers. A motor-driven, variable-speed, flight con- 
veyor with a capacity of 120 tons per hour, receives the coal 
from the hopper, carries it up a rather sharp incline and dis- 
charges it into a four-roll motor-driven crusher of similar 


through chutes to one adjacent range of bunkers, serving thus 
as a spare for that range. 

The entire coal handling equipment is electrically oper- 
ated and the control is centralized at a board in the ‘coal 
crushing room. Starting devices are electrically interlocked 
so that the various pieces of apparatus must start in proper 
sequence. Provision is also made to prevent starting until 
an observer on the floor above the coal bunkers has deter- 
mined that the exposed upper horizontal run of the bucket 
conveyor is clear, and has so indicated. Hmergenecy buttons 
are provided at numerous points along the run of the bucket 
conveyor; pushing any one of these stops the entire system 
and it cannot be started again until that particular emer- 


gency button has been reset by means of a key. The cus- 


todian of this key is therefore the only individual who can 
start the system after an emergency stop, and even then he 
must go to the point from which the stop was made. 

After the coal has been dropped into the bunkers, it de- 
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scends by gravity to the stokers. The latter are of the under- 
feed, sloping fire-bed variety and there are twenty-six retorts 
per boiler. These are arranged in two groups of thirteen 
each, the boiler being fired from the two ends, as shown in 
Fig. 6. Ash and clinkers are removed by two clinker grinder 
bars located in a sort of pit running across the center of the 
furnace and are discharged into the ash hopper. This is an 
enclosure within the wind box or plenum chamber below the 
boiler and holds the refuse until it is finally dropped directly 
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into standard railroad ears which run lengthwise of the house 
directly under the ash hoppers. 

The stokers are driven through chains by direct current 
motors, the speed of which can be varied from 200 to 2000 
r.p.m. This wide range of speed is obtained by means of 
armature throw over from 125 to 250 volts combined with 
field control. The motors are handled by means of drum con- 
trollers located at the gauge board of the particular boiler 
whieh they serve and electric tachometers are used to indicate 
stoker speeds at this board. 

Motor driven blowers supply the air required for combus- 
tion. There are three of these blowers per range of two 
boilers. One of the three serves as a spare and is located be- 
tween the two boilers. It is arranged to diseharge either way 
through a Y-shaped duct. All of the blowers discharge 
through expanding ducts which are designed to reeover the 
greatest possible fraction of the velocity head. These large 
ducts lead into a plenum chamber with a horizontal section 
equal to the horizontal section of the furnace. The stoker 
wind boxes form part of the roof of this chamber, so that 
the air passes directly from the plenum chamber to the stoker 
and does not have to pass through small duets of any kind. 
Each blower is designed to deliver at maximum 74,000 eu. ft. 


Pr perty ne 


of air per minute against a static pressure of 6.5 in. of water 
pressure. The motors are shunt wound and are direct con- 
nected to the blowers through flexible couplings. Their speed 
can be varied from 300 to 750 r.p.m. The drum type con- 
trollers are mounted at the gauge boards of the boilers served, 
directly under gauges which indicate the statie pressure in 
the plenum chamber. 
The boilers are similar to those used in the older plant at 
Delray, but are set 3 ft. higher so that the height of the ecom- 
bustion chamber is 33° ft. 
These boilers each have 23,- 
——_—_—— 654 sq. ft. of water heating 
pleas ap surface and are built to oper- 
ate at 225 Ib. per sq. in. The 
superheaters have about 2400 
i ft. of surface and are de- 
signed to give 200 deg. falhr. 


superheat at 200 per cent of 
rating. 
The gases, leaving the dam- 
pers at the top of the boiler 
\S setting, pass upward through 
a easily curved breechings, into 
Ni the steel stack near its base. 
IP This stack is supported en- 
“3 tirely on the steel work of 
| the boiler room structure and 
extends to a height of 325 ft. 
above the floor on 
Property 


are located. It has 
a height of about 
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240 ft. above the roof of the boiler house. The stack is 
brick lined and has a diameter of 16 ft. inside the lining. 

As already mentioned, there are only two boilers per tur- 
bine. When operating the turbine at full load, the boilers 
will operate at about 170 per cent of Centennial rating. In 
the ordinary sense, there are no spare boilers. Experience 
has shown, however, that these boilers ean be safely and 
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economically operated at ratings considerably in excess of 
170 per cent and provision has been made to enable three 
boilers to supply steam to two turbine units. When earry- 
ing full turbine loading under these conditions, each of the 
three boilers will have to operate at about 225 per cent of 
rating. 

The main live steam piping consists of a run from two 
boilers to the unit which they serve, all of these runs being 
cross connected by a cross-over header. All of this piping 
is located in the so-called pipe gallery below the stoker floor, 
except, of course, the leads dropping down from the boil- 
ers and rising to the turbine throttles. 

The steam leads from each boiler are of 10 in. pipe and 
these join together in a Y-fitting, which has a 14 in. dis- 
charge. Under full load conditions with two boilers supply- 
ing one unit, the steam velocities will be about 10,500 ft. per 
min. in the 10 in. pipe and 12,000 ft. per min. in the 14 in. 
pipe. With three boilers supplying two units, these veloci 
ties will rise to about 14,000 and 16,000 ft. per min., re- 
spectively. 

The proposed use of the cross-over main necessitated a 
design which should permit steam from any two boilers to 
flow into that main, and steam from the main to flow into 
any turbine lead, with practically equal facility. After many 
designs had been considered, that shown in Fig. 7 was adopt- 
ed. The steam leaving the 10 x 14 x 10 in. Y-branch pre- 
viously mentioned, passes through a cast steel expanding 
nozzle which enlarges to a diameter of 28 inches. This, in 
turn, leads into a 28 in. cast steel side-outlet T or side- 
outlet cross. The 28 in. lateral outlets of the latter fittings 
are the connection points of the cross-over main. The 
velocity of the steam passing into the cross-over, or from 
the cross-over main to the turbine lead, is thus reduced to 
about one-quarter of its value in the 14 in. pipes, or roughly, 
a little less than 4000 ft. per min. under the worst condi- 
tions. The steam turns through the necessary right angle 
at this low velocity and therefore with small loss. 

Steam leaving the 28 in. fitting on its way to the turbine 
is carried through a tapered reducer with a discharge diam- 
eter of 14 in. Similarly, steam leaving the 28 in. fitting 
on its way to the cross-over main passes through a tapered 
reducer which is cast with its longitudinal axis in the shape 
of a quarter cirele. This reducer leads the steam into a 14 
in. return bend, as shown in Fig. 7. 

The steam for the auxiliary turbines, which will be men- 
tioned later, is taken from a six inch outlet on top of the 
28 in. fittings above described. 

All superheated steam piping is full weight steel with 
welded flanges. The flanges are finished smooth and cor- 
rugated steel gaskets are used. All fittings are cast steel. 
At the Delray plant, Hopkinson-Ferranti valves with Ven- 
turi throats were used; these have been found to cause an 
excessive pressure drop because of the short length of the 
expanding nozzle and were therefore not deemed desirable 
for the new plant if an equally reliable, full opening form 
could be found. Full throated gate valves made by Hopkin- 
son of the same material as the Ferranti valves were there- 
fore used in the Connors Creek plant. 

The atmospheric exhaust from the main unit is made of 
riveted steel pipe and fittings. The auxiliary exhaust pip- 
ing is lap welded steel with Van Stone joints and fitted 
with corrugated copper gaskets. All valves in the exhaust 
lines are steel gate valves of American make. All saturated 


steam piping is extra heavy steel fitted with steel flanges. 
The fittings are all cast steel and steel valves of American 
make are used. 

The feed water piping is extra heavy, lap welded steel, 
with Van Stone joints aud east steel fittings. The use of 
steel pipe throughout for the feed water represents a marked 
departure from Delray practice in which brass pipe was 
used for the boiler leads and connections. In laying out the 


feed water system at Connors Creek, the design was so ar- 
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ranged as to permit of free expansion without the use of 
expansion joints of any kind. 

The boiler blow-off valves are also made by Hopkinson. 
These were decided on after two of them had been in satis- 
factory operation for several years at Delray. The valve 
is a parallel-seat gate, on whose stem is cut a rack which 
meshes with a pinion. A 180 deg. turn of the handle turns 
this pinion through a like angle and fully opens the gate. 
The superiority of the valve appears to be due to the use of 
excellent metal and to a very high class of machine work. 

The main units, as previously mentioned, are rated at 
25,000 k.v.a. or 20,000 kw. at 80 per cent power factor. The 
steam end consists of a horizontal, nine stage, 1200 r.p.m. 
turbine; the electrical end generates three phase, sixty cycle 
current at 4800 volts. A section of the turbo-generator unit 
is shown in Fig. 8. The steam exhausted from the turbine 
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passes down through a large expanding exhaust nozzle into 
the condenser, as shown in Fig. 5. Each condenser is built 
to contain 35,000 sq. ft. of heating surface made up of 1 in. 
tubes a little over 18 ft. long, but has only 32,500 sq. ft. in- 
stalled. The tube heads have a diameter of 14 ft. 6 in. 

The tubes are so arranged as to leave numerous lanes 
through the steam space, so that the vapor and air readily 
flow to all parts of the cooling surface. No batfiles of any 
kind are used, excepting only those necessary to form an 
air box. The latter is located at the bottom of the con- 
denser, as indicated in Fig. 9. 

The condensate collects in a eylindrical hot-well whieh 
extends from the lower part of the condenser shell, and it is 
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eut shown in the plan in Fig. 3 and thence flows through a 
conerete tunnel to the sereen house. This tunnel has a free 
section 9 ft. 3 in. high by 10 ft. wide, and when it is sup- 
plying water for all of the units in the finished plant under 
the lowest water conditions on record, the water velocity 
will be just under 8 ft. per seeond; in obtaining this, further 
units are assumed to be larger than those now installed. 
The water flows from this section of the tunnel into a 
sort of funnel-shaped enlargement which leads it to the 
screens. These are of the traveling variety and are similar 
to screens already installed in the Northwest Station in Chi- 
cago and at the Delray Station in Detroit. They consist of 
woven-wire panels fastened to the links of an endless chain, 
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removed by either one of two hot-well pumps. These are 
motor-driven two-stage centrifugal pumps operated at 1200 
r.p.m. and they are fitted with bronze impellers. The con- 
densate is discharged into what is known as the cold end 
of the boiler feed tank, as will be explained later. a 

Cireulating water is supplied to each condenser by a 
motor-driven single-impeller double-suction, volute pump. 
The motor is three-phase, slip-ring type arranged for a 15 
per cent speed variation, the maximum speed being 400 
r.p.m. During the period of the year when the circulating 
water has a high temperature, the pump will be operated 
at the highest speed and will deliver about 40,000 gal. per 
min. When the water temperature is low, the pump will be 
operated at the lower speed and the quantity will be propor- 
tionately reduced. The temperature of circulating water 
varies with the season from 34 deg. to 76 deg. fahr. 

The cireulating water enters the property through an open 


the lower end of the loop thus formed projecting down to 
the bottom of the water channel. The construction is shown 
in Fig. 10, which is a reproduction of a photograph taken 
in the interior of the screen house before it was completed. 

When a screen becomes fouled, the working side of the 
loop is drawn up and over the upper guide shaft, its place 
being taken by what was previously the back side of the 
loop. This operation brings the fouled sereen panels under 
a wash pipe which washes the fouling material into a chan- 
nel arranged to earry it to the overflow canal. The screens 
are operated by motors and are started and stopped period- 
ically as required. Their constant movement is only neces- 
sary under exceptional conditions. Provision is made for 
returning water from the overflow tunnel into the intake to 
assist in keeping sereens and tunnel clear of ice during cold 
weather. 

After passing through the screens, the circulating water 
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is turned through a right angle and flows down the length 
of the house in a tunnel which is 15 ft. wide and 9 ft. 3 in. 
high. Water is picked up by the cireulating pumps through 
large angle fittings encased in the side wall of this tunnel. 

The water passes in the condenser are rather unusual. 
The entering water flows through the tubes occupying one 
vertical half of the condenser plus those enclosed by the air 
box, or cooler, at the lower end of the other vertical half. 
The water then returns through the tubes above the air 
cooler and overtlows through a large east iron nozzle and 
elbow which points down stream in the overflow eanal. 

Air and non-condensible vapors are removed from a 
header space in the cooler by means of a 35 by 39 in. rotative, 
dry vacuum pump. This pump is arranged for two-stage 
operation in one eylinder, one end of the eylinder serving 
practically to load the other. A direct-current motor with 
armature mounted on the erank shaft drives the unit. The 
normal speed of the pump is 100 r.p.m., but the motor is 
arranged for a speed reduction to 40 r.p.m. and need seldom 
be operated at or near its maximum. 
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head of a barometric condenser, as shown in Fig. 11. The 
relatively cold condensate is picked up by the seeond pum) 
before it has time to mix with the mass of water in the 
tank, and serves as injection water for the barometric 
condenser. The house-service alternator turbine and the 
boiler feed pump turbine exhaust into this barometric con- 
denser, so that the condensate from the main unit takes up 
all the heat of the auxiliary steam. The foot of the baro- 
metric condenser is immersed in the other (or hot) end of the 
boiler feed tank. The mixture is there picked up by the 
boiler feed pump and delivered to the boilers. 

The barometric condenser is therefore the equivalent of an 
open feed water heater in which exhaust steam from auxil- 
iaries mixes with and heats the condensate from the main 
units, the mixture passing to the boilers as feed water. This 
condenser, however, offers possibilities not possessed by the 
ordinary open heater in that it is capable of maintaining a 
very low back pressure, if this is desired, or can be operated 
at any pressure between this and atmospheric. This prop- 
erty, taken in conjunction with the great variation of the 
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It will have been observed that all of the auxiliaries thus 
far mentioned are motor driven. As a matter of fact, this 
is true of all the auxiliaries in the plant with the exception 
of the boiler feed pumps. The latter are 1200 gal. per min., 
four-stage, double-suetion, centrifugal pumps, driven by 350 
h.p. steam turbines, at 2000 r.p.m. 

The motor-driven auyiliaries may be operated, all or any 
of them, with power taken from the system bus, or with 
power taken from turbine driven, 1000 kw. alternators, 
known as house service alternators. In every case, that ar- 
rangement is used which, in conjunction with the other ad- 
justments described below, will give the best heat balance 
for the statjon, under the conditions at the time existing. 

What may be called the house service system is shown 
diagrammatically in Fig. 11. It is really a development of 
a method long used in both marine and stationary practice, 
m which a feed water heater is operated under vacuum. In 
the present instance, the wet vacuum pump of each main tur- 
bine unit discharges into one end of a large tank, known as 
the boiler feed tank. A centrifugal pump draws its water 
from the same end of this tank and discharges it into the 


auxiliary turbine water-rate with variations of back pressure, 
gives great flexibility of control of the station heat balance. 

This is shown diagrammatically in the upper left hand 
corner of Fig. 11. The straight lines represent total steam 
consumption of the house alternator turbines for the entire 
range of load at different back pressures. Assume that at 
some particular time with a given load and vacuum on the 
main unit, the load on the house alternator has the value 
indicated by the vertical line, and that the back pressure is 
that corresponding to the middle steam consumption line as 
at a. If the feed water temperature is too high it can be 
lowered by decreasing the back pressure, reducing the steam 
consumption to some such value as that shown at c. In this 
way, the feed water temperature can be accurately controlled, 
just enough auxiliary exhaust being made available to give 
the desired temperature. 

The variation of the back pressure is obtained by means 
of a back-pressure valve in the exhaust line from the boiler 
feed pump turbine. If, under given constant conditions, this 
valve is partly closed down, the back pressure on the boiler 
feed pump turbine is increased and its steam consumption 
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for the same load is correspondingly raised. This, how- 
ever, means that more steam enters the barometric condenser 
and, with a constant quantity and temperature of cireulat- 
ing water (main condensate), the temperature and pressure 
in the barometric condenser must rise. This, in turn, means 
higher back pressure on the house alternator turbine and it 
delivers more steam, still further raising the temperature. 
Under certain conditions, this interchange may result in 
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a cumulative temperature rise, ending only when the pres- 
sure in the barometric becomes equal to that of the atmos- 
phere and the auxiliary exhaust blows to waste. To prevent 
such an occurrence, the flood valve shown in Fig. 11 is pro- 
vided. This is automatically opened whenever the tempera- 
ture of the steam entering the barometric condenser exceeds 
a predetermined value. When it operates it admits com- 
paratively cold water from the storage tanks, adding it to 
the normal supply of injection water entering the conden- 
ser, thus bringing the temperature down very quickly. It 
then automatically shuts off. Under very poor conditions of 
adjustment, this valve would continue to open and shut 
periodically until all of the water in the storage tank and 
boiler feed tank had been heated to about 212 deg. fahr., 
but such a contingency is not probable because this would 
take a long time and the watch engineer would make necessary 
re-adjustments before the valve had acted many times. 

The house alternator, boiler feed pump, and barometric 
injection pump are all grouped under the gallery shown at 
the right-hand side of the turbine room in Fig. 5. The nat- 
ural position for the watch engineer is at the same place, 
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so that continuous observation of this apparatus is readily 
obtained. An auxiliary gauge board containing instruments 
showing critical temperatures, pressures and quantities is 
located within easy view, and the results of all adjustments 
are readily seen. 

This method of operating the auxiliaries appears very com- 
plicated when described on paper, but it has proved to be 
very simple in practice, and easy to handle. It possesses the 

following advantages which should be 
compared with methods more commonly 
used : 
First. The one great advantage of 
\ steam driven auxiliaries is retained be- 
3 cause exhaust steam is available for feed 
water heating; 

Second. The quantity of auxiliary 
exhaust ean be fitted to the ability of 
the feed water to absorb it; 

1 Third. All the advantages of motor 
drive are obtained ; 

: Fourth. Up to the ability of the feed 
water to absorb steam, the power used 


by the motor driven auxiliaries is pro- 
itd duced at a thermal cost practically equal 
to that obtained in the case of steam 


driven aus iliaries; 

Fifth. Since the feed water heater 
is normally operated under a vacuum, 
the feed water temperature is readily 
maintained at a value which will give 
ideal economizer operation ; 

Sixth. Beeause of the vacuum main- 
tained in the feed water heater, air is 
readily removed from the feed water 
just before it enters the boiler feed 
pumps. In practice there is no re- 
nts A indicate absorption of air by the condensate be- 
-e tween main condenser and boilers. 

Another unusual feature is the pro- 
vision for the distillation of all make-up 
water. Experience at Delray has shown 
that the quantity of make-up required is readily held down 
to 1.5 or 2 per cent. Under such conditions, the apparatus 
required for distillation is small and the cost is negligible in 
comparison with the cost of boiler labor saved. The evap- 
orator installed has a capacity of 12,000 lb. of vapor per 
hour and is heated by high pressure steam. The vapor 
formed in it passes directly to the barometrie condenser in 
which it mixes with the auxiliary exhaust and thus becomes 
part of the feed water. 

Many cases of boiler pitting and corrosion which are re- 
corded in engineering literature have been attributed to the 
use of very pure water and the presence of a small quantity 
of seale-forming material has therefore been yegarded as 
desirable. Most authorities now seem to believe that pure 
water is not responsible for such damage to good boiler 
metal, but that the blame is to be laid on smal! quantities of 
atmospheric carbon dioxide dissolved in what is assumed to 
be pure water. 

In the Connors Creek plant, the feed water heating and 
st: ring system has been so de.igned as to prevent the absorp- 
tion of air, so far as prevention is readily possible. Should 
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experience show that the provisions made are inadequate to 
insure safe boiler operation, there are several simple reme- 
dies. The simplest is probably the use of a very small quan- 
tity of an alkaline salt, experience having shown that if the 
water shows a mere trace of alkalinity it is apparently non- 
corrosive. 

Another innovation in this station is the very complete 
provision for the recovery of radiation and electrical losses. 
Air enters the turbine room principally through louvres 
above the air washer shown in Fig. 5. This air, after being 
washed if necessary, passes down through the turbine room, 
picking up part of the heat lost by the steam apparatus. 
Ultimately it is drawn into the generator, picks up the heat 
representing the losses therein, and is discharged through a 
duet below the turbine room floor. This duct carries the 
heated air into the pipe gallery in which the stoker blowers 
are located, On its way to the blowers the air passes around 
the outside of the covering of all steam pipes, so that it alse 
picks up the heat which these surrender to the surrounding 
atmosphere. In this way a large fraction of these unavoid 
able losses is conserved by being delivered to the boiler fur 
nace, and just that much less heat need be supplied by fuel. 

The electrical end of the plant also contains several un- 
usual features. Notably, the generator leads are tied solidly 
to transtormers which have a one to five ratio. These step 
the voltage up to 24,000, at which voltage all metering and 
switching is done. One of these transformers is shown to the 
left of the turbine room in Fig. 5 and also near the lower 
part of Fig. 13. There are three 8,333 k.v.a., single-phase 


water-cooled transtormers per turbine. 


Fic. 10) INTERIOR OF SCREEN House 


A semi-diagrammatic layout of the complete electrical sys- 
tem is given in Fig. 12. The turbines will really be arranged 
in one straight row when all are installed, but the bus is ae- 
tually built in the form of a loop, as shown in the figure. 
Section switches are provided between bus sections cor- 
responding to each turbine and each of these sections is, in 
turn, divided into two approximately equal halves, thus 
localizing the effect of breakdowns to the greatest feasible 
extent. These section switches are non-automatic. 

All switches are mounted in separate compartments on the 
floor immediately above the bus structures, as shown in Fig. 
13. All machine, section and feeder switches are motor-oper- 
ated, oil-break switches and are provided with lock type dis- 
connecting switches on both sides, so that they ean be com- 


pletely killed for cleaning or repair. The doors on the oil 
switch and disconnect compartments are automatically locked 
by the closure of the oil switch. 

On the floor above the switeh gallery are located the stox- 
age battery (for auxiliaries, switehes, and signals), the 
switchboard, and small electrical auxiliaries such as a bal- 
ancer set, battery charging boosters, and a control motor- 
venerator. The switchboard is located at what will ulti- 
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mately be the center of length of the power house and is built 
in two sections arranged back to back, as shown in Fig. 13. 
The section facing the turbine room contains only the con- 
trol switches and indicating instruments, while the rear board 
contains the integrating instruments and protective relays. 
All electrical equipment is controlled from this gallery, with 
the exception of the motor driven auxiliaries. The remote 
control switches for these are located to the left of the tur- 
bine foundation, as seen in Fig. 13. The auxiliary starting 
push buttons and the controllers for variable speed motors 
are located at the most convenient points, generally near the 
motor. The switch gear current for all apparatus handled 
from the main switchboard is supplied by the 25 kw. control 
motor-generator set mentioned above. This floats on a see- 
tion of the storage battery, thus insuring continuity of serv- 
ice on the control. 

In explanation of the fact that, as shown in Fig. 12, Lo 
reactances have been installed and that the design therefore 
diverges from recent practice, attention should be called to 
the facet that the inherent reactance of the apparatus con- 
nected to the busses, together with the nature of the bus 
structure, is such that no protective reactances are deemed 
necessary. Provision has been made in the bus structure for 
the installation of additional supporting insulators opposite 
to those already in place when the connected generator 
capacity becomes such as to demand additional rigidity, also 
for feeder reactances if changes of distribution methods later 
should make these desirable. 

Each turbine is normally excited at 250 volts by an exciter 
mounted on an extension of the generator shaft. In ordinary 
operation, the armature of the exciter supplies the gener- 
ator field directly, voltage control being effected by a motor- 
driven dial switch on the exciter’s field rheostat. The gen- 
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erator field may also be excited from the 


house service bus, in which case it is controlled by a motor 
operated rheostat in the main field cireuit. 


ice 


auxiliaries and the emergency excitation, is supplied by motor 


direct-current bus which supplies the 


generator sets, one to each station unit. The 


battery also floats on this bus insuring continuity of service. 
The use of alternating current motors for some auxiliaries 


Turbine No6 


The house serv- nating current was chosen, 
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direct-current and direct current for others is determined by the follow- 
ing considerations: a. For any constant speed motor, alter- 
b. For speed variation of small 
direct-current range (as for the circulating pump where 15 per cent varia- 
ion is sufficient), or of only occasional use (as the erane 
station storage motors), alternating current motors with external resistances 
were chosen; except for the dry vacuum pumps, where the 
desirability of being able to start up from a condition of 
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complete shut down dictated the use of a direet current motor backed 
up by the storage battery. c. For long ranges and exact adjustment 
of speed variation, such as are required by stokers and blowers, direct 
current motors were chosen. 

The fact that economizers were not installed in this plant despite the 
high thermal efficiency striven for has caused considerable comment 
and has been the source of many questions. Failure to install such ap- 
paratus must not be understood as a declaration of disbelief in its 
efficiency. It is, however, felt that the cast iron tube economizer as 
now built and operated at full boiler pressure is not a proper piece of 
apparatus for installation in a modern high pressure plant. Because 
of the high efficiency attainable with the large boilers, it was there- 
fore deemed advisable not to install economivers until such a time as a 
more satisfactory type or a more acceptable method of operating is 
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f = than the record performance 

of the Delray plant, and it is 

: = natural to expect that it will 

be further decreased as the 

operating methods are im- 
proved. 
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BOILER FAILURES AND WHAT THE 


ENGINEERS IS DOING TO PREVENT THEM te 
BY E. R. FISH, ST. LOUIS, MO. 
Member of the Society ’ 
HE use of vessels for generating steam under pressure energy be actually applied to the propulsion of the boiler. 
is as old as the use of steam itself, and for just that = of it is re — in — epee the st 
4s g the energy of water and of steam in the steam 
length of time there have been boiler failures of different vomparing the energy of water an - . ag 
kinds. arity boiler with that of gunpowder, as used in ordnance, it has 
ee 1e art and practice of boiler making has steadily — peen found that at high pressures the former become possible 
progressed from its beginning with low pressures, imperfect rivals of the latter. Taking the value of gunpowder at what 
and ill-suited materials, mediocre workmanship and unscien- the writer would consider a fair figure, 250,000 ft. Ib. per lb., 
tific designs, but it is, however, still far from perfect as is it 1s seen that a cubic foot of heated water, under a pressure + 
ite is ti 1 diast f ia -nitud of 60 or 70 lb. per sq. in., has about the same energy as one 
Videnced by co asters ary ag , 
y continued diasters of varying magnitude. pound of gunpowder. 
Much has been written on the subject of boiler explosions, A powder magazine under one of our modern tall build- 
but Prof. R. H. Thurston was the first to put the matter in ings, or under the sidewalk in Broadway, would be objected : 
conerete and scientific shape, and I am quoting freely from  ' Very seriously by citizens compelled to make that great 
his writings, for he expresses the conditions far better than thoroughfare their daily walk, and if compelled to submit to 
gs, for he expresses the ¢ ons f: tter th: 
I its threatening presence, they would certainly insist upon the 
I possibly can. Professor Thurston enunciated the follow- most stringent precautions being taken to insure safety : 
ing principles: against the liberation of its stored energy; but seores of . 
St boil = Iw It of well steam boilers are so concealed and the laws of the city and of Ja 
@ ‘Steam boiler explosions are always the result of we the State relating to their care are of the most lax and in- 7 
understood causes and are only mysterious, in any case, in oY Ercan avon: 
1e sense that available evidence may not point out with cer- = 
of the Good design, good workmanship and good management 
: have been said to be the three safeguards against destructive 
the te al explosion. Good design, in any case, presupposes a well 
it is Ways read, well educated and an experienced designer. ™ 
practicable to so design, construct anc manage steam oilers Good construction involves the selection of good materials me 
that there shall be absolutely no danger of explosion. — and their proper use in building the boiler. This means, in z 
c The proper course on the part of the designer, builder turn, iron, or more commonly, steel in which ductility and : 
and user is to first use forms of boilers wherever practicable, — tguehness, rather than simple strength, are the special char- rs 
such that, as Col. John Stevens said a century ago, “their  geteristies, and perfect uniformity in the several sheets of Y 
explosion shall not be dangerous — should overpressure = which the boiler is made up. Good construction involves the ; 
oceur ”; the same idea was enunciated by Fairbairn, Insure exact production of the required forms of parts and their : 
next good and well tested materials, good and well inspected riveting, or welding, together without loss of strength or in- ra 
workmanship and uniformly skillful management by men of troduction of stress. Good management means the regular a 
experience and reliability. Regular, effective and thorough nq moderate firing of the furnace. constant inspection of 7 
ra ip constitutes a part of good management and an the parts liable to corrosion or other injury, and maintenance s 
conential part. in as perfect condition as possible by constant repairing of : 
He further stated that “steam boilers are magazines of | injured parts. It also includes the periodical inspection and 
energy forcibly restraining explosive powers of such mag- hich now constitute the basis of insurance. 
I that might be evaded by the designer, the builder or the 
select from one of the tables he caleulated covering a num- operator. Whatever may be said of the many known and 
ber of different types and sizes of boilers, a return tubular possibly unknown, the certain, the probable and the possible : 
boiler of 60 h.p. working at 75 Ib. pressure. The weight of Causes, mysterious boiler at 
at ‘ris actically sate tor ¢ th 
such a boiler is approximately 9500 Ib., the water it contains certain th at a boiler is practically safe for all time in the .. 
weighs 8200 It itl 91 ib. TI ‘abl i hands of a good engineer or fireman if originally well de- . 
veighs 0200 1. and the steam <1 Ib. ihe available stored en- signed, well constructed and properly set. Its safety is ae- wd 
ergy in the water is 50,008,790 ft. lb. and in the steam 1,022,-— sured by a correct system of inspection either on the part of i 
730 ft. Ib., or a total of 51,031,520 ft. Ib., which is sufficient the person in charge or of the official inspector, or, more C. 
to project the boiler only to a height of 5372 ft. with an in- usually and properly, of both working together honestly and : 
ve . > ROO ¢ in good faith. A correct system of inspection is the eneck 7 
itial velocity of 588 ft. per see. 
i ete ; upon every defect of design, of construction and of opera- 3 
Quoting further from Thurston: tion . 
It is seen that the energy stored in the steam boiler, in made at fixed regular 
the form of heat, is mainly that of the heated water and com- "ld b 
paratively little resides in the steam; so that it follows that a JU ae absolutely 
boiler well filled with water is vastly more dangerous in case nis the in 
it explodes, than if exploded as a consequence of low water. charge of the boiler, and his examination should be deliber- t 


The steam itself is quite incompetent to perform the work 
of the very destructive explosions often observed, and where 
the boiler is thrown, with the violence of a projectile from a 
piece of ordnance, against surrounding objects or hundreds 
of feet into the air; for it must be remembered that in no 
case can more than a small fraction of this computed total 
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ate, thorough and unimpeachable. The time should be so 
chosen that the work may be done satisfactorily, without 
haste or interruption. The method should be—careful ex- 
amination by eye, hand and a light hammer, of every sheet, 
stay, brace, tube and rivet in the boiler. Defective riveting, 
the most common defect, should be looked for in every seam. 
Cracks in the seam, under the lap, are not unusual and are 
very difficult to find in many cases, but if undiscovered, they 
will be likely to prove disastrous. Corroded sheets and tubes, 
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bad bracing, sediment and incrustation are all promptly de- 
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tected and readily visible in any case. The thickness of 
thinned sheets, corroded on either side, or of blisters, may 
be judged by the action of the sheet under the hammer, and 
many defects, entirely invisible, are found by the experienced 
inspector by the hand and ear, reinforced by the use of this 
tool. It is evident that no inspection worthy of the name 
ean be made unless with the boiler dry and empty, and ac- 
cessible in every part. A design which does not permit this 
should be condemned offhand. Tests by hydraulic pressure, 
though useful, and in the judgment of the writer indispensa- 
ble, cannot be, in any case, allowed to supersede the real in- 
spection above outlined. 


Whatever may be the fact, however, more perfect and ef- 
fective methods of inspection must be legally introduced and 
well enforced before the steam boiler explosion can become 
extinct, with its resultant destruction each year of hundreds 
of lives and millions of dollars’ worth of property. With 
such methods, universally practiced, steam boiler explosions 
will become unknown. 

Written some 25 years ago, the advice thus given has been 
to a considerable extent followed, but there still remains 
much to be accomplished, particularly as regards proper state 
legislation. 

There are approximately 1500 boiler explosions of varying 
intensities each year in this country, averaging 400 or 500 
persons killed, 700 or 800 injured and many hundreds of 
thousands of dollars damage to property. 

General methods for proportioning the several dimensions 
of the boiler structure have long been known and in general 
use, although modified from time to time by tacit consent as 
experience or new and improved materials and methods be- 
came available. These rules, if such they may be called, 
have varied greatly in details in various places, depending on 
the personal opinions and experiences of the man or men 
formulating them. It can readily be appreciated that with 
the great multiplication of such regulations in the past few 
years, manufacturers who do a wide interstate business have 
become confronted with a condition that is hard to meet. In 
addition there are the infinite variety of private specifica- 
tions written by consulting engineers and others, that differ 
through exceedingly wide limits and which represent the 
judgment of one or at best a very few men. Under such con- 
ditions it is impossible to manufacture economically, for a 
boiler built to meet the requirements of one place may be re- 
‘jected in some other locality. 


In 1905 there oceurred in Brockton, Mass., an explosion 
which caused $250,000 damage, the loss of 58 lives and 117 
injuries. This aroused the State of Massachusetts to action, 
the result of which was the enactment of legislation provid- 
ing for the licensing of engineers and firemen, and govern- 
ing the construction, installation and inspection of boilers. 
A Board of Boiler Rules was created for the purpose of for- 
mulating construction standards; its labors resulted in the 
most complete, scientific and logical set of regulations that 
had ever been promulgated. These rules have been quite ex- 
tensively copied all over the country. 

However, the need of regulations that would represent the 
consensus of the opinion and experience of the whole country 
rather than that of any one locality, prompted Col. E. D. 
Meier, when president of the American Society of Mechanical 
Engineers, to appoint a committee to formulate such rules. 
After more than 31% years’ real work, including numerous 
and lengthy discussions, often heated and acrimonious, the 
A. S. M. E. Boiler Code, as it is popularly known, has re- 
sulted and represents as nearly as it is humanly possible what 
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those who are best qualified to know believe to be the best 
boiler practice. 

There is much in the Code that is absolutely new. Probably 
only such a body as formulated it could have prevailed upon 
certain antagonistic manufacturers of materials and fixtures 
to get together and agree on uniform specifications for their 
products. This is notably the ease with safety valve manu- 
facturers and tube makers; possibly the most remarkable 
achievement is the very definite regulations, most of which 
are entirely new, relative to safety valves. 

The Code covers the construction of stationary boilers and 
allowable working pressures, and is divided into two parts. 
Part I, Section I, applies to new installations of power 
boilers; Part I, Section II, to new installations of heating 
boilers, and Part II applies to existing installations of all 
boilers. Obviously it is necessary to extend considerable 
leniency to boilers now in use, as to do otherwise would work 
a tremendous hardship on thousands of steam users. 

In brief, the subjects covered by the Code are indicated by 
the sub-headings: Selection of Materials, wherein is speci- 
fied what grades of materials may be used for various parts 
and places in the boiler; Ultimate Strength of Material Used 
in Computing Joints, in which unit stresses forming the basis 
of calculations are given; Minimum Thicknesses of Plates and 
Tubes, to prevent “skinning” the job; Specifications for 
boiler plate steel, rivet steel, staybolt steel, steel bars, steel 
castings, gray iron castings, rivet iron, staybolt iron, and 
tubes, all of course as pertaining specifically to boiler prae- 
tice. Then follow under the heading: Construction and Maz- 
imum Allowable Working Pressures for Power Boilers, de- 
tailed rules for determining strengths and efficiencies of 
joints, ete., with examples and stating in what way much of 
the work shall be executed. Then come the subjects of Man- 
holes, Washout Holes, Threaded Openings, Safety Valves, 
Water and Steam Gauges, and Fittings and Appliances, 
wherein are given methods for determining quantities, sizes, 
limitations as to location and kind of metals to be used. 
Some general regulations as to settings to promote safety in 
operation, as to how hydrostatic tests shall be made and 
finally the method of stamping to show conformity of the 
structure with the Code, are given. 

The rules covering boilers used exclusively for heating 
cover substantially the same ground, but are much more 
brief. 

In Part II appear the rules for determining the working 
pressure to be allowed on existing boilers, and what fittings 
must be provided and how applied. On boilers now in serv- 
ice, will be required many minor changes if the Code is fol- 
lowed, but there are none but what should be made in any 
event. This section also provides for the gradual amortiza- 
tion, to use a commercial and financial term, of boilers now 
in use and not built to the Society standard. 

An Appendix gives full examples of various riveted joints 
and methods of calculation, as well as of braced and stayed 
surfaces, method of computing safety valves, also how fusible 
plugs should be located in the various types of boilers, and 
standard dimensions for flanged pipe fittings. 

In my opinion it is amply sufficient for any one desiring to 
purchase a boiler plant, after having determined the working 
pressure and the size and type of units required, to merely 
specify that the boiler is to be built according to the A. S. 
M. E. Code. By so doing he will get from any reputable 
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manufacturer a well constructed structure entirely suited to 
its purpose. If preferred, the material and workmanship 
may be checked by some inspecting agency. From a manu- 
facturer’s standpoint, my plea is for country-wide uniform- 
ity of requirements, and this the general adoption of the 
Code makes possible. It couples together economical manu- 
facturing with the all-pervading ery of Safety First. 

In compiling this Code, therefore, the American Society of 
Mechanical Engineers has provided a substantial basis for 
boiler specifications and legislation. The Society cannot go 
further than to say that, in the estimation of those best 
qualified to judge, these are the most rational rules and 
regulations for boiler construction. The enforcement of 
the rules must be left to the activities of other agencies. A 
very considerable number of the boiler manufacturers of the 
country have already gotten together on two occasions, first, 
on September 19, 1914, and again on Mareh 29, 1915, with 
the avowed purpose of furthering the universal use of the 
Society’s Code, and at the last named meeting, the Code was 
unanimously endorsed and steps taken to launch a movement 
to prevail upon the various States to enact legislation putting 
it into legal effect. It seems impracticable to do this in any 
other way. The State of Ohio has already made this enact- 
ment and the State of Wisconsin will in all probability do so, 
to be effective January 1, 1916. 

Educational movements will have to be started in various 
other States in order to be at all sure of any success at future 
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state legislative sessions. Last fall it was hoped that the 
Code would be completed in time to present the matter defi- 
nitely to the numerous legislatures that were in session early 
this year, but that proved to be impracticable. One of the 
forms of education is to persuade those who have positive 
ideas of their own that such should be subservient to this 
broader consensus of opinion, and only by so doing can coun- 
try-wide uniformity, so exceedingly desirable, be attained. 
Already there are some objections raised to minor points, 
which indicate that there are difficulties to be overeome in 
arriving at the desired end. 

That this effort of the Society in bringing out the Code 
will help tremendously, primarily in bettering boiler construe- 
tion generally, and secondarily, in smoothing the way of 
manufacturers, thus redounding to the financial benefit of the 
user, needs no further argument. The Code has already at- 
tained such momentum as to make it a powerful factor. 

It can truly be said that what the American Society of 
Mechanical Engineers is doing to prevent boiler failures in 
this country is something which could have been done by no 
other organization and that the effect will be far reaching 
and long continued. 

Note. Since this paper was written, an action has been 
taken at the annual convention of the American Boiler 
Manufacturers Association, June 22, to start a nation-wide 
movement including every interest in any way affected. 
This has resulted in the formation of the American Uniform 
Boiler Law Society, whose function will be to promote the 
adoption of the A. S. M. EF. Boiler Code by legislative bodies. 
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By J. S. BARSTOW, PHILADELPHIA, PA. 


Non-Member 


HE term “ units of small capacities ” as used hereim is 
-_ intended to include steam turbines and engines of less 
than 500 h.p. capacity. The paper will necessarily deal 
largely with the prime movers of auxiliary apparatus in 
power plants, since the tendency of the times in all industries, 
and particularly in central stations, is toward the concentra- 
tion of power in a few units of large size and unitorm capac 
ity as opposed to a multiplicity of small units of different 
capacities. However, there is a wide field for power appli- 
‘ation where the steam-operated prime movers are of rela- 
tively small size, and where transmitted or central station 
energy is not able to suecessfully compete; and it is intended 
to diseuss the type of apparatus best suited in these cases, 
as well as the type of apparatus which it is advisable to em- 
ploy for ausiliary units in large plants or central stations. 

There are certain definite fields where the small turbine is 
of conceded superiority, and other fields wherein the engine 
must hold sway. The desirability of the one as compared 
with the other is largely determined by the following factors, 
which govern the adaptability, cost and economy of the 
equpiment to be installed for any given service: 

a Speed conditions and limitations involving consideration 
of maximum or minimum permissible speed, and whether 
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the driven apparatus is of the constant or variable speed 
class 

b Steam pressure and temperature conditions involving con- 
sideration of initial and final pressures, and superheat, 
if any 

c Power capacity of apparatus 

d- Relative space requirements of turbine and engine units 
involving consideration of available room, character of 
power house construction and cost of foundation or 
other supporting structure 

e Use or application, if any, of the exhaust steam for feed 
water heating, steam heating or process purposes 

f Available cooling water supply, if the turbine or engine 
is to run condensing, involving also consideration of the 
temperature of the water and whether it must be artifi 
cially cooled and re-cireulated 

g Operating conditions including consideration of attend- 
ance, oiling, starting and stopping, vibration, noise, ete. 

h Relative cost of complete installations including neces- 
sary foundations, piping and condenser equipment, if 
any 

As to the practicability of the small turbine, it may be 

said that not until about 20 years ago was any really prac- 

ticable apparatus of this kind developed, and even up to 

ten years ago the turbine was looked upon mainly as an 

experiment. The last few years have witnessed, however, 

the practical perfection of this type of prime mover in sizes 
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as large as 50,000 h.p., with units of 30,000 h.p. quite com- 
mon in large central stations. They have also seen quite 
as much good work done in the pertection of small turbine 
units as in the development of very large ones, and the tur- 
bine in all sizes is quite as well developed to-day as is the 
steam engine after more than one hundred years of constant 
effort and improvement. 

The writer has no intention of reflecting on the great work 
done by steam engineers in the development of the recipro- 
cating steam engine. The work of these men, which was 
the harder task, accelerated the evolution of the turbine, the 
science of thermodynamics underlying the final development 
and perfection of both. 

The present day builders of reciprocating engines are able 
to report further progress, however, and as a result of their 
recent efforts there have appeared the rejuvenated poppet 
valve engine adapted to the use of highly superheated 
steam; the unaflow or parallel-flow engine, also with poppet 
type valves, in which eylinder condensation is reduced by 
causing the steam to travel in one direction only; and the 
small self-contained power plant, or “ locomobile,”’ consist- 
ing of a steam engine mounted upon a tubular boiler and 
operating at high superheat. All these engines are adapta- 
tions from European practice, where, owing to the high cost 
of fuel and the relatively larger number of technically- 
trained operators, they have found high favor. 

Mention also should be made of the power plant formerly 
used in the White motor car, which, owing to its high steam 
pressure, superheat and speed, gave remarkably low steam 
consumptions. In a series of tests, reported in the Transac- 
tions of the Society, Vol. 28, pages 598-9, the average steam 
consumption was 12.7 lb. per delivered h.p.-lr., operating 
at 850 r.p.m.; steam at 275 Ib.; superheat, 349 deg. fahr.; 
noncondensing exhaust. 

Tests have recently been reported by the manufacturers 
which give the steam consumption of a 115 h.p. Buckeye- 
mobile, running at 248 r.p.m.; steam at 210 lb.; initial 
superheat, 171 deg. fahr.; noncondensing, as 13.3 Ib. per 
ih.p.hr. This unit produced an i.h.p.hr. on 1.33 lb. of coal! 
having a calorific value of 14,500 B.t.u. per lb. A 169 h.p. 
unit running at 200 r.p.m.; steam at 209 lb.; initial super- 
heat, 218 deg. fahr.; vacuum 25.7 in., showed a water rate 
of 9.2 lb. per ih.p.-hr. The coal consumption, using fuel 
with a calorific value of 14,209 B.t.u. per lb., was 1.08 Ib. 
per i.h.p.-hr. 

While there is the possibility that the use of a shell type 
of boiler for high pressures will be considered by many engi- 
neers as unwise, especially for installation in densely popu- 
lated centers, it is still too early to predict what the future 
of this apparatus is to be. However, as indicating what 
may be accomplished in fuel economy in a well-designed 
plant of small size, the results reported are interesting. 


SPEED LIMITATIONS 


The question of speed limitations is of first importance in 
selecting the type of prime mover. Since high peripheral 
velocities are necessary in order to efficiently utilize the 
energy of a steam jet in the turbine type of apparatus, the 
latter shows its lowest water rate when running at a constant 
high speed. Where the character of the service is such as 
to require speed variation or reversal in direction, or where 
the speed is necessarily low, the turbine is unsuited and the 
engine is much better adapted. 
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In engine installations, the minimum permissible speed has 
an important bearing on the question of operation. If an 
engine is run at very high speeds, operating troubles are 
sure to be numerous, the upkeep excessive and the service 
unsatisfactory. The lack of driven apparatus designed to 
run etliciently at speeds consistent with high turbine economy 
has, in the past, frequently dictated the use of engine prime 
movers for many kinds of work. 

Although speed reduction gears are by no means new, hav- 
ing been used with the turbine almost from the beginning of 
its commercial development, improvements in high speed 
gearing, as well as in the manufacture of high speed direct 
connected generators, blowers and pumps, running at 3,000 
r.p.m. and above, have greatly increased the possibilities for 
turbine installations. Direct current generators as small as 
10 kw. capacity, and 60 cycle alternators of capacities as low 
as 150 kw., designed for gear drive, are now offered. The 
manufacturers claim for these machines that the increased 
efliciency of the higher speed turbine, together with the saving 
effected in the generator construction by reason of the slower 
speed permissible in the driven end, justify the expense and 
complication which the gears introduce. 

While many may still prefer a direct connection, the in- 
creasing popularity of the gear drive, especially for direct 
current generators, blowers and pumps, would seem to in- 
dicate that the gears are here to stay, and that when properly 
constructed and installed, there is no valid objection to their 
use. 

For power station work, where some of the auxiliaries are 
usually motor driven, the exhaust steam can be entirely con- 
densed in the feedwater heater, and the water rate of the 
steam driven auxiliaries is not a limiting factor, while reliabil- 
ity, accessibility, low maintenance and labor costs are of more 
vital importance. Power station designers have always ex- 
hibited, therefore, a strong preference for turbo-auxiliary 
units, and there is now a decided tendency toward geared 
installations. 

The selection of turbines for auxiliaries is largely in- 
fluenced by the high speed at which small engine units are 
run, Which makes it exceedingly difficult to keep them im eon- 
tinuous service, and almost impossible to secure smooth, quiet 
operation. Such reciprocating units require close attention, 
and must be shut down, overhauled and adjusted at frequent 
intervals; the maintenance is high and serious breakdowns 
are by no means rare. An accident to a cireulating or hot 
well pump, for example, usually necessitates a shutdown of 
the main generator, with consequent loss of production, and 
often, in the ease of a public utilities plant, loss of prestige 
and the ineurrence of publie ill-will. In all central stations, 
therefore, where the main units are few in number and of 
large size, high economy as compared with continuous opera- 
tion becomes relatively unimportant, and turbine driven cir- 
culating hot well and boiler feed pumps are almost invariably 
used. 

Motor driven exciters are largely used in alternating cur- 
rent stations, a steam driven exciter being provided for start- 
ing up and as a reserve unit. Here also, since the steam 
driven set is idle a large part of the time, high eeonomy is not 
so important and the saving of floor space and elimination of 
vibration will often decide the question in favor of the tur- 
bine. In fact, in all direct current generator sets of 50 kw. 
capacity or less, the high speed necessary for the engine gen- 
erally makes it undesirable. 
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For driving fans of large capacity at low pressures, say 
less than 1!5 in. of water, for induced draft, hot air heating 
and ventilating systems and the like, the engine seems best 
suited. Fans built for this service ordinarily run at less 
than 200 r.p.m. and are usually of the paddle-wheel type, 
which is better suited to these conditions than the multi- 
blade high speed fan. In induced draft work, load fluctua- 
tion may require frequent changes in speed, the engine be- 
ing under the control of a throttling regulator which is 
automatically actuated by a change of steam pressure. These 
conditions are quite unfavorable to turbine economy, and a 
suitably designed and well-constructed engine will give more 
satisfactory results. 

In like manner, where we consider the pumping of large 
quantities of water against low variable heads (conditions 
which are encountered in drainage or sewage pumping sta- 
tions) the turbine must vield place to its rival. These 
pumps may have single runners of large diameters or may 
be of the multi-impeller type, but in either case, the speed 
is below the economical turbine range, even when a gear is 
used, while the engine, at low speed, has an opportunity to 
make its best showing, steam economy and operating trou- 
bles considered. Where the lift is variable, speed changes 
are required and the engine is almost always more suitable. 

As a typical installation may be mentioned the four 76 in. 
centrifugal pumps for the Plaequemine and Jefferson Drain- 
age District of Louisiana. Here the pump speed varies from 
50 r.p.m. for 1 ft. head and 135,000 gal. per min. to 115 
r.p.m. for 13 ft. head and 90,000 gal. per min. The best 
duty was 92,600,000 ft. Ib. per 1000 Ib, of dry steam, cor- 
responding to 21.4 lb. of steam per water horse-power ob- 
tained at 87 r.p.m. for 7 ft. head and 130,000 gal. per min. 
The prime mover is a compound engine operating at 170 Ib. 
steam and 25.7 in. vacuum. 

The use of underteed stokers operating under heavy forced 
draft and capable of developing high boiler ratings, has be- 
come quite common as a means of reducing fixed charges and 
boiler banking losses in railway and lighting plants, and 
particularly those maintained as standbys to hydro-electric 
stations. These furnaces often carry in the air duct pres- 
sures as high as 6 in. of water, and the high speed multi- 
blade fan makes the better installation, particularly where 
one tan serves several boilers, as the blower units frequently 
become excessively large when run slower than 400 r.p.m. At 
this speed the engine drive is an uncertain and expensive 
proposition. 

Furthermore, as such stokers at best are capable of only 
from one-quarter to one-third their maximum capacity under 
natural draft conditions, a blower breakdown under a peak 
load is a serious matter and the ability of the turbine to stand 
up under the conditions imposed justly entitles it to the 
preterence which it is accorded. 

For driving directly connected alternators, a frequency of 
25 eyeles fixes the maximum speed at 1500 r.p.m., which is 
too low for the best turbine performance. In 60-cyele ap- 
paratus, where a speed of 3600 r.p.m. is possible, the turbine 
shows to better advantage. 


STEAM PRESSURE AND TEMPERATURE CONDITIONS 


The highly economical steam turbine must necessarily be 
operated condensing, but, as previously pointed out, there 
are many eases where high steam economy is not the most 
important consideration and the noncondensing turbine often 


finds favor over the steam engine. One of the large heat 
losses incurred in the steam engine is that due to cylinder 
condensation and one of the common methods of reducing it 
to limit the range of temperature through which the steam is 
allowed to work in a single cylinder. For this reason simple 
engines are better adapted for low steam pressures, while 
compound and triple expansion engines are advisable for 
lugh pressure and high temperature ranges, particularly if 
the load is uniform. 

The engine as a rule develops mechanical troubles with 
high superheat, especially where the steam valves have much 
travel under unbalanced pressures. The consensus of opin- 
ion seems to be that for slide or gridiron valve gears, a tem- 
perature of 400 deg. fahr. to 425 deg. fahr. should not be 
exceeded, while the best point for the Corliss type engine will 
be found below 450 deg. fahr. Above these limits lubriea- 
tion is unsatisfactory and distortion of the parts is apt to 
give trouble. 

In European practice, superheating is much more common 
than in this country, a superheater being considered quite 
as indispensable as a feed water heater and the poppet valve 
engine, which was first perfected abroad, is accordingly bet- 
ter suited for high superheat conditions than the tvpe of gear 
commonly used in American engines. 

A difficulty sometimes encountered with engines using hig! 
superheat is the warping of the cylinder, the curvature being 
caused by the higher temperature which prevails in the metal 
next to the steam chest. Precaution is taken by some build- 
ers to avoid such trouble by leading the steam by two inde- 
pendent pipes, entirely separate from the cvlinder barrel, 
from the throttle directly to the steam valves. 

For power plant auxiliaries, it would appear that tur- 
bines which experience little difficulty from high tempera- 
tures will be more and more widely adopted while engines 
will be less commonly used, especially so as steam pres- 
sures and superheats are constantly increasing, it being not 
unusual for new plants to be designed to carry from 200 to 
225 Ib. with superheats of 150 deg. falr. and over. With 
steam engines running under high vacua, above 27 in., the 
great volume of steam to be handled increases the size of the 
engine cylinders, and the size of ports through which the 
steam must pass, to such an extent as to make the engines 
very expensive if not of impracticable construction. The 
cost of an engine which would permit of complete expan- 
sion to such a terminal pressure, together with the increase 
in cylinder condensation, due to the greater range of tem- 
perature, would make the high vacuum undesirable. 

The turbine, on the other hand, can be designed to operate 
on very low terminal pressures with comparatively slight in- 
crease of cost; its action as a heat machine is such that a 
greater expansion can be utilized and the economy is greatly 
improved by any increase in vacuum. When run non-con- 
densing, as is well known, the turbine is less economical than 
the non-condensing engine. 

In plants where the exhaust is atmospheric and cannot be 
applied to any useful purpose, the engine best fills the con- 
ditions, provided space is available and the speed may be 
made low enough to ensure smooth, quiet running. Such an 
application is found in direct current generator sets of 100 
kw. capacity and larger, in hotels, office buildings and hos- 
pitals, where the exhaust is used for steam heating in winter 
and must be wasted for several months in the year. 
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POWER CAPACITY OF APPARATUS 


The lower cost of large turbine units and the greater re- 
liability of this kind of apparatus in regular service, coupled 
with the smaller space taken up by turbines as compared 
with engines, has practically put the engine out of the run- 
ning as far as large power plants are concerned. Where 60- 
eycle apparatus is installed and condensing units are used, 
the engine has no field beyond the 500 kw. mark, while with 
direct connected 25-cycle apparatus, the engine must stop 
beyond the 1000 kw. limit, and with the perfection of high 
speed reduction gears, it is doubtful if 25-cycle engine driven 
generators can compete with turbine apparatus of even 500 
kw. capacity. The reduction gear is also rapidly driving 
the engine from the direct current field in units of all sizes, 
above say 200 kw. capacity. At the same time, elimina- 
tion of operating troubles by the use of direct connected tur- 
bines for exciter purposes is fast causing the turbine to sup- 
plant the engine for this service. 

In the case of non-condensing units where moderate speeds 
are required, the engine must continue to hold the field, 
though special conditions may make the non-condensing tur- 
bine a factor to be considered. In this connection, one in- 
stallation might be mentioned where a belted turbine of 750 
h.p. capacity, running at 1500 r.p.m., is used for driving the 
constant speed shafting of a paper mill, it being contended 
that the greater uniformity in rotative speed secured by the 
turbine results in fewer breaks and a more satisfactory 
product. In this case, the exhaust steam is, of course, util- 
ized in the dryers of the machine, and the variable speed 
power is supplied by direct current motors. 


RELATIVE SPACE REQUIREMENTS 


Owing to the freedom from reciprocating motion, the foun- 
dations required for turbines are of small size and light 
weight, there being little vibration to be absorbed when the 
alignment and balancing are well done. The small sizes can 
be safely operated on floors of usual construction, designed 
for the ordinary floor loads. There is no difficulty experi- 
enced with the transmission of vibration to the structural 
members of the building or to the piping system. 

The small space required for the installation of a turbine 
gives it an advantage in water works plants, operating 
against moderately high heads. The vertical triple expansion 
engine, which was formerly used almost exclusively for such 
work, requires a strong massive substructure to absorb the 
shock and distribute the weight, and a deep pit to accom- 
modate the water end. Where foundation or other con- 
struction difficulties are encountered in this work, the cost 
may easily climb to a high figure, and in a case under the 
author’s personal observation the additional cost of building, 
incidental to the use of the vertical triple engine, would have 
more than paid for a turbine driven centrifugal pump, while 
the fixed charges on the pump alone were more than four 
times the cost of the fuel required to run it to full capacity 
ten hours per day. 

The turbine driven pump is not capable of showing on test 
the high duty of the vertical triple engine—which is one 
of the most economical steam engines—but the great differ- 
ence in the first cost of installation often makes the turbo 
set decidedly preferable, especially when the saving in build- 
ing is considered. A geared turbine unit to pump 100 mil- 
lion gallons per day against a 56 ft. head was recently in- 
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stalled in Ross Station, Pittsburgh; the pump speed was 350 
r.p.m. and that of the turbine 3600 r.p.m. On the duty trial, 
with steam at 151 Ib. and vacuum 28.38 in., the pump showed 
a performance, including power consumed by the auxiliaries, 
of 120.5 million ft. lb. per 1000 Ib. of dry steam, correspond- 
ing to 16.44 lb. of steam per w.h.p.r. Six similar sets, rang- 
ing in capacity from 6!5 to 30 million gallons per day capae- 
ity, are now in process of construction. The displacement 
of the reciprocating engine from a field where its superiority 
was tormerly unquestioned, shows the substantial progress 
which has been made in the development of the steam tur- 
bine and the centrifugal pump. 

For boiler feed pumps of more than 250 gal. per min. ea- 
pacity, the turbine is often used, and on account of its small 
size, usually results in a neater and more compact layout. 
Where regulation by throttling is unnecessary, and the 
pumps run at or near capacity, the economy as compared 
with the direct acting type is good and can be better main- 
tained. Valve renewal and packing troubles are avoided. 
The overload capacity of the centrifugal type, however, is 
small and the delivery of the pump must be proportioned to 
meet the maximum demand, not the average boiler horse- 
power requirements. In the smaller sizes, the cost of turbine 
units is high; where the load fluctuates widely and the speed 
must vary, the economy is poor and it is better to install 
reciprocating pumps. 

In the modern plant containing large turbo-generator 
units, space limitations in the basement arrangements are 
an important consideration. With the high vacua carried, 
large volumes of water must be handled and the turbine 
drive for circulating, “condensation and air removal pumps is 
in many cases the proper selection. Such condenser sets 
have a compact arrangement, especially when a single tur- 
bine is used to drive all the pumps, which greatly relieves the 
crowded condition that would otherwise obtain. As _pre- 
viously stated, they are also preferable as being more re- 
liable. 

The turbo-compressor supplying air to blast furnaces un- 
der pressures ranging from 20 |b. to 30 Ib. has almost en- 
tirely supplanted the compound reciprocating blowing engine. 
One large concern formerly in this work has abandoned the 
construction of blowing engines and is now building turbine 
apparatus exclusively. For this service, the turbine may be 
run from 2500 to 4000 r.p.m., and there is a great saving of 
weight and space, as an engine of this type is six or eight 
times as heavy as the centrifugal blower, and consequently 
costs much more. It can be installed comfortably where the 
blowing engine would be out of the question, and in new in- 
stallations the relative cost of building and foundation for 
the two types has a direct and important bearing. 


UTILIZATION OF EXHAUST STEAM 


The advantage of an oil-free exhaust is in many plants of 
considerable value, and especially so in manufacturing 
processes where steam is used, as there are many such oppor- 
tunities for the utilization of low pressure steam if the oil has 
been eliminated. For the blocking of hats and in the treat- 
ment of other felt and textile products, absolutely clean 
steam is necessary. As heretofore mentioned, paper manu- 
facturers have used turbines for driving the constant speed 
mechanism of paper machines in order to secure more uni- 
form angular velocity, and to avoid among other things 
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trouble caused by oil accumulation in the drying rolls. The 
danger of oil deposits in high pressure steam boilers is well- 
known to all. 

In chemical processes where steam is used for precipitation, 
as in the precipitation of magnesia, a small fraction of a 
grain of oil per gallon will often retard the process or cause 
the precipitate to be of an entirely different character from 
that obtained with oil-free steam. The separation of the 
oil in exhaust steam is never absolutely complete, and fatty 
constituents are especially apt to pass the separator. 


AVAILABLE COOLING WATER SUPPLY 


Where the available cooling water supply is limited and 
must be artificially cooled and recireulated, the cost of the 
cooling apparatus and the power required must be con- 
sidered. The conditions will, perhaps, be best illus- 
trated by an example: Assuming a turbine to run at 28 in. 
vacuum, and a temperature rise of the cooling water to 
within 10 deg. of that due to the vaeuum, the circulation 
of 52 units by weight of cooling water for each unit of steam 
condensed will be necessary. In the case of the engine, 
which will operate at, say, 26 in. vacuum, other conditions 
remaining the same, there will be trom 25 to 27 Ib. of ecool- 
ing water to be handled for each pound of steam condensed. 

With a cooling pond returning water at 90 deg. to produce 
27 in. vacuum in a turbine plant, the pumps must circulate 
70 units of cooling water per lb. of steam, as against, say, 
30 units required to produce 25 in. vacuum for the recipro- 
eating engine. 


OPERATING ADVANTAGES 


From the operating point of view, the turbine possesses a 
great advantage in the simplicity of its construction, a factor 
which tends toward increased reliability and lower cost of 
maintenance. It can usually be more quickly started and 
loaded and, in operation, usually requires very much less 
attention than an engine unit of corresponding capacity. 
The lubricating arrangements are few in number and of sim- 
ple design. 


SUMMARY 


Summarizing the foregoing, the fields of usefulness of the 
turbine and engine may be briefly stated to be: 


APPLICABILITY OF TURBINES 


! Direct connected units, operating condensing. 60-cycle 
generators in all sizes, also 25-cyele generators above 
1000 kw. capacity. (This paper is, however, not in- 
tended to deal with units of this size.) 

Direct current generators in sizes up to 1000 kw. ca- 
pacity, including exciter units of all sizes. 

Centrifugal pumping machinery operating under sub- 
stantially constant head and quantity conditions, and at 
moderately high head, say from 100 ft. up, depending 
upon the size of the unit. 

Fans and blowers for delivering air at pressures from 
145 in. water column to 30 Ib. per sq. in. 


Direct connected units, operating non-condensing for all 
the above purposes, in those eases wherein steam econ- 
omy is not the prime factor or where the exhaust steam 
can be completely utilized, and, in the latter case, par- 
ticularly where oil free exhaust steam is desirable or 
essential. 


Geared units, operating either condensing or non-con- 
densing for all the above mentioned applications, and in 
addition, many others which would otherwise fall in the 
category of the steam engine, on account of the rela- 
tively slow speed of the apparatus to be driven. 


APPLICABILITY OF ENGINES 


Non-condensing units, direct connected or belted and used 
for driving: 

Eleetric generators of all classes excepting exciter sets 
of small capacity, unless belted from the main engine. 

Centrifugal pumping machinery, operating under va- 
riable head and quality conditions and at relatively low 
heads, say up to 100 ft., depending on the capacity of 
the unit. 

Pumps and compressors for delivering water or gases 
in relatively small quantities and at relatively high pres- 
sures—in the case of pumps at pressures above 100 Ib. 
per sq. in. and in the ease of compressors at pressures 
from 1 lb. per sq. in. and above. 

Fans and blowers (ineluding induced draft fans) for 
handling air in variable quantities and at relatively low 
pressures, say not over 5 in. water column. 

Line shafts of mills, where the driven apparatus is 
closely grouped and the load factor is good. 

All apparatus requiring reversal in direction of rota- 
tion, as in hoisting engines and engines for traction pur- 
poses. 


2 Condensing units direct connected or belted, for all the 


above purposes, particularly where the condensing water 
supply is limited, and where the water must be re-cooled 
and re-cireulated. 
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, i the August issue of The Journal were published eight of the fourteen papers presented at the Spring 
Meeting held at Buffalo, June 22-25. The six remaining papers are here published in abstract, together 
with accounts of the discussions following them. Pamphlet copies of the complete papers without the discussion 
are available at the prices named in each case. Later, the papers which are to appear in Volume 37 of Transac- 
tions, may be had in pamphlet form with the discussion added. 


SOME MECHANICAL FEATURES OF 
THE HYDRATION OF PORTLAND 
CEMENT AND THE MAKING OF 
CONCRETE AS REVEALED 
BY MICROSCOPIC STUDY 
BY NATHAN C. JOHNSON, NEW YORK, N. Y. 


Member of the Society 


HE data embodied in this paper have been obtained in 
the course of a research conducted in the Sibley Col- 
lege laboratories at Cornell University. At the beginning of 
this research, it was believed that the obtaining of more effeet- 
ive hydration was a prime factor in the production of durable 
concrete. It has long been known experimentally that a 
set cement or concrete could be reground and a new set ob- 
tained on gaging with water;’ but the extent to which unhy- 
drated particles were present in the mass was first made 
visually evident, so far as the author is aware, by experi- 
ments conducted in 1911 in the Sibley College laboratories 
at Cornell.” In these experiments, neat cement briquettes 
were surfaced and polished, as in the metallography of 
steel; and the degree of hydration obtained in different ways 
was more or less accurately judged by the appearance of 
these polished sections, viewed through the microscope. 
Later this same procedure was extended to the examina- 
tion of 1.5 standard sand mortars and still later to the ex- 
amination of field coneretes. 

In a section of such 1.3 mortars photographed through the 
microscope (shown in Fig. 3), the grains of sand show 
as large as boulders and each has a well-defined shadow. 
Further, since only cement and a sand of known size were 
used in the briquette, the “ rocks” between the boulders can 
be nothing other than cement; and this cement must be unhy- 
drated, since its color by direct vision, varying from light 
green to dark brown, and its resistance to the eutting of the 
polishing powders used in preparing the surface to remove 
the portion known to be hydrated, both testify to the same 
fact. 

Such disclosures as these were the basis on which was 
undertaken the original research by the author, of which 
this Industrial Fellowship research was a later outgrowth. 
Since such structures were found to be typical of all mor- 
tars examined, and since cement is the most variable con- 
stituent of any mortar or any concrete, it was argued that 
any process which would insure thorough hydration of the 


‘THI. Sager & E. Cramer. Touind Zeit, 1908, 32, 1746. 


2 Master’s Thesis by N. C. Johnson, Cornell University, 1913. 


Presented at the Spring Meeting of the Society, June 1915. 


Complete paper may be obtained without discussion; price 15 
cents to members; 30 cents to non-members. 


cement particles would render possible the use either ol 
higher unit-stress values, or of less cement tor present al- 
lowable values, with a most pronounced saving in either 
case, both in materials and money. 

From the nature of this investigation, it is at once evi- 
dent that progress would have to be measured by checking 
values obtained by the apparatus against those obtaimed 
with the same materials under standard conditions of mix- 
ing and moulding. In addition to the standard physical 
tests, it was also proposed to carry on a study of the miecro- 
sections of each set of specimens broken. To facilitate such 
® comparative study, record books were prepared for both 
hand and machine mixes, the hand mixes being designated 
by the letter 7, followed by a serial number, with results 
recorded below; and the same data for machine mixes, desig 


Fic. 1 Improvep Form or Hyprator 


nated by the letter P (pneumatic) followed by a serial num- 
ber, are placed on the opposite page. The position of the 
break of each briquette was recorded in the outline form. 
Although not reeommended for general use, this has proved 
of very great benefit in reconciling otherwise discordant re- 
sults. 

In Fig. 1 is shown one of the latest forms of hydrator 
used, which was believed to inelude the essential features of 
earlier types with the mechanically troublesome parts re- 
fined. In this photograph, A is a hopper, of sufficient size 
to contain a whole bag of cement: B is the atomizer, with 
the jets increased to forty-eight; C is a feed-device of cof- 
fee-mill type, driven by an electric motor; and D is a con- 
tainer with baffled exits. In spite of the fondest hopes and 
the most strenuous labor, this machine failed in its purpose, 
so far as really notable results are concerned. As the re- 
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search proceeded, it was found that there originally had 
been considerable misapprehension as to the causes of faulty 
hydration, though not as to the extent or degree to which 
hydration commonly proceeds. The obtaining of better hy- 
dration is a very vital problem in the concrete industry, but 
to effect this on a commercial scale in the manner above 
outlined would be virtually impossible. 

In regard to the microscopic investigation of cements, the 
process is, in general, similar to the microscopic examina- 
tion of steels in metallography which has already proven of 
the greatest benefit to the steel industry. And as is done with 
specimens of steel, a single surface only is polished, the 
structure of this being developed by various reagents and 
observed through the microscope by reflected light. This 
renders possible the ready examination of composite ma- 
terials, which would otherwise require the greatest patience 
and skill in their preparation. 

The use of the photographic camera in connection with 
the microscope is but carrying the process a step further. 
On the microscope stage is mounted the polished and sur- 
faced specimen, on which the light is concentrated by a 
bull’s-eye lens. Above the eye-end of the microscope is 
mounted an ordinary photographic hand-camera with its 
proper lens removed; and on the ground glass at the top, for 
which may be substituted the sensitized plate, is projected 
the enlarged image of the structure of the specimen. 

To ensure a thorough understanding of the evidences and 
effects of hydration of cement, it may be well to consider 
here the nature of the processes involved. The completed 
cement derives its usefulness from the hardening produced 
shortly after its admixture with water. There are, how- 
ever, two stages in the passage from the semi-fluid state of 
caged cement to that of the hardened. In the first stage 
the mass loses its plasticity and becomes more or less friable. 
In the second stage consolidation takes place, the mass in- 
creasing in hardness until a stony texture is obtained. These 
two stages are respectively distinguished as “setting” and 
“ hardening.” 

It follows from the complex character of its composition. 
that the reactions involved in the setting and hardening of 
Portland eement are themselves complex. It seems proba- 
ble, however, that the reactions of setting involve the forma- 
tion of super-saturated solutions and the deposition there- 
from of close-knitted, interlacing crystals of various sub- 
stances, while the slower reactions of hardening consist 
partly in the formation of similar interlacing crystalline 
products, but more especially in the production of a eol- 
loidal glue, which is, probably colloidal calcium hydrosili- 
eate, and its gradual desiccation. 

The colloidal interpretation of the hardening of cements 
is due to Dr. Wm. Michaelis, Sr., who reasoned that a pure 
crystallization process, as in the case of plaster of paris. 
ean never cause hydraulic hardening, for a conglomerate 
of erystals, however insoluble, cannot produce impermea- 
bility, sinee erystals have plane surfaces with voids between 
them which would admit water. On the other hand, hardened 
cement mortars are impermeable, so that erystallization 
alone could not confer on them their valuable properties. 
Dr. Michaelis found the medium responsible to be the col- 
loidal silieates formed in the later stages of hydration. 

Illustrative of such structures and also of the primary 
erystalline formations which have been indicated as being 
responsible for initial set, in Fig. 4 is shown a surface found 


in a concrete 34 years old, taken from a dock wall in New 
York harbor. The production of these crystals was quite 
unlooked for, being due to an unusually delicate etching ot 
the piece of clinker after polishing. It should be remem- 
bered that this magnification is high (200 diameters) and 
that these crystals are formed on a single particle. Multi- 
ply such interlacing formations a few million times for each 
cu. yd. of conerete, and it might be expected that a very con- 
siderable degree of mechanical strength, quite comparable 
to the strength of initial set, would be developed. This par- 
ticular crystalline formation is shown tentatively, however, 
in this connection, as its identity with those chemical com- 
pounds known to be responsible for initial set is as yet con- 
sectural. 
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Fic. 2 Portion or Tourer COMPONENT DIAGRAMS SHOWING PROp- 
ucts FORMED BY THE SINTERING OF VARYING PROPORTIONS 
OF PoRTLAND CEMENT CONSTITUENTS 


But since this attack on the problems of hydration is pri- 
marily engineering, rather than chemical, and must there- 
fore necessarily be identified with a study of actual econ- 
cretes, it becomes necessary to make sure that there is a 
proper understanding of the internal structure of concretes 
and of the relative size, position in the mass and importance 
of the several constituents. 

In Fig. 5is shown a sectioned concrete specimen, weighing 
about ten lb. and about 8-in. * 6-in. * 1.5-in. size. It should 
be noted that none of the aggregate, whether large or small, 
so far as they are here visible, are touching at any point; 
rather, they are widely dispersed. But void determinations 
on this stone were made when the pieces were in at least 
point contact. Evidently, the voids must have been in- 
creased enormously by this dispersion; and if similar disper- 
sion obtains for the finer materials as well, it is no wonder 
that proportioning coneretes on the basis of void determi- 
nations has become discredited. 

In Fig. 6 is shown a section of the same surface, but at 
twice the magnification, in order that the finer materials may 
be made visible. So far as they can be seen, this same dis- 
persion obtains. Carrying the magnification to four times 
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the original, as in Fig. 7, this is made even more apparent; 
carrying it to 20 times the original, by means of photo- 
graphing through the microscope, shows, as in Fig. 8, that all 
the aggregate in sight are sand grains of greater or less size, 
separated, as were the pieces of stone, and with still finer 
particles, too small to be sand, lying between them. Mag- 
nifying this same field to 60 times the actual diameter, as 
in Fig. 9, shows the sand grains in inereased size, with a 
relative increase in their mutual dispersion; and a peculiar 
honeycomb structure on the smaller particles lying between 
them. Magnifying a portion of this same field 200 times, as 
in Fig. 10, this honeycomb structure is revealed more defi- 
nitely. Since elimination of stone and sand from the known 
composition of the concrete indicates this honeycombed par- 
ticle to be unhydrated cement and as similar formations oe- 
cur profusely throughout all coneretes, it becomes important 
to identify them beyond question and to study their functions 
in the rigid concrete mass, for, if they are unhydrated ce- 
ment, lying inert, they have a most important bearing on 
the strengths of concrete. 

The easiest identification is offered by comparison between 
the known and unknown material. In Fig. 11 is shown the 
structure of a neat cement briquette as viewed through the 
microscope at a magnification of 60 diameters. Comparing 
this with Fig. 9, which has the same degree of magnification, 
the identity of the two materials is strongly indicated. “But 
to make this more certain, in Fig. 12 is shown the central 
portion of Fig. 11 but at a magnification of 200 diameters. 
Comparing this with Fig. 10, which shows the unknown 
material found in the conerete, their general characteristics 
are seen to be identical. 


In an early paragraph of this paper, the proportion of 
material in standard sand mortar, which was then stated to 
be unhydrated cement, was seen to be large. In view of 
what has just been demonstrated, the truth of this statement 
is not difficult of proof. In Fig. 13 is shown a section of 
surface of a standard sand briquette, photographed at a 
magnification of 200 diameters. The structure of the ce- 
ment group is here shown in an increased size, with the seg- 
mental edges of grains of standard sand, in its near neigh- 
borhood. Since in this briquette no materials other than 
cement, standard sand and water were used, the photograph 
serves as further proof of the identity of the questioned 
structure. 

It may be objected, however, that this particle is too large 
to be a cement particle, and that if it were a group of ce- 
ment particles, they would hydrate and fall apart. To an- 
swer this objection, recourse must be had to a consideration 
of the physical actions involved in wetting dry cement with 
water. 

In Fig. 14 is shown at a magnification of 30 diameters the 
appearance of dry cement as it lies on a microscope slide. 
This cement film is very thin, a mere surface dust, but it 
will be seen that the distribution is very uniform. But if 
water is added, quite different conditions obtain. In Fig. 
15, the water may be seen progressing across the field. 
Where the water is, there is not, as might be expected, a uni- 
form wetting of the dry powder, but instead, the fine ma- 
terial is grouped in masses of varying size, and it is plain 
that some extraneous force would be required to break up 
these masses, since they evidently are in their present posi- 
tions in obedience to the action of certain forces which have 
moved the particles from their original place. 
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The truth of this is easily demonstrable. Surface ten- 
sion—that peculiar chain of action and interaction which 
causes rain drops to assume the spherical ftorm—gathers 
the particles together in groups; and the finer they are, the 
more easily are they affected. The fineness of cement par- 
ticles is, in this respect, a detriment to efficient hydration. 

But in the process of this grouping, the particles have 
become slightly wetted. This has immediately resulted in 
reactions with the cement; and as the quantity of water is 
necessarily limited by the close grouping of these fine par- 
ticles, a saturated solution between them, with deposition 
therefrom of the interlacing crystals before noted, has speed- 
ily resulted. In far shorter time, therefore, than is required 
for initial set under usual conditions, these little groups of 
particles have become consolidated; and unless the mechani- 
cal agitation of mixing is sufficient to break down this erys- 
talline bond, they will remain unhydrated, save at their outer 
surfaces, so long as the conerete endures. This condition of 
affairs is dillicult to overcome, even by the mechanical action 
of mixing, as the very small size of the groups renders un- 
likely their physical dispersion by the agitation of relatively 
large materials such as sand or stone, which by reason of 
the water present, are out of contact with one another. This 
is partially true regardless of the extent to which the process 
is prolonged. Further, the bond between these particles is 
speedily rendered more secure by secondary colloidal for- 
mations, with their desiccation by absorption of water by the 
interior of the mass. These colloidal boundary and bond- 
ing masses form the honeycomb structure seen in the photo- 
graph. ‘Their appearance as white boundaries in some slides 
and dark boundaries in others is due to the method of polish- 
attack used in developing the surface prior to its examina- 
tion. 

This grouping and quick-cementing action, therefore, is 
the reason that the experimental apparatus developed proved 
inadequate for the task. This is particularly true of later 
forms, for in them the number of atomizing jets was in- 
creased to such an extent that the fine drops, though initially 
of a size suited to an individual cement particle, were in such 
numbers as to coalesce; and the larger drops thus formed 
caused, by surface tension, grouping of cement particles, 
such as has been shown. It is evident that means other than 
those at first proposed are required to produce effective hy- 
dration. 

With a view to ascertaining the results produeed by field 
conditions, as distinguished from the laboratory-made 
specimens which have thus far been examined, sections of a 
few concretes obtained from actual construction were ex- 
amined. A large number of specimens of concretes were 
collected from representative structures throughout thie 
world; and the author desires to take the opportunity here 
presented of extending personal thanks to the many engi- 
neers who have been so kind as to supply the samples asked 
for: Without their aid, the scope of this research would 
have been much restricted. 

Examination of these specimens shows that similar con- 
ditions exist throughout the entire mass of each and since 
none of the specimens is over 1 cu. in. in volume, the quan- 
tity of cement remaining unhydrated through such group- 
ing in each eu. yd. of concrete is a matter to ponder upon. 
It is easy to extend like illustrations to a far greater length 
with the data already at hand, but the series above given, 
covers a wide range of classes of concrete of varying ages 
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and conditions of service, and made under widely different 
conditions. Grouping of particles in the manner indicated 
is &@ characleristic vj all concreles su far examined; and be- 
cause of this grouping and of actions next to be indicated, 
it scews probable that only a small percentage of the ce- 
ment added to concrete is effectively used. 

Obviously, 1 1s of the greatest importance that this group- 
ug and isolation of large masses sliould be prevented. but 
even if this were quite perfectly done, there remain other 
actions Which nualitate against thoroughly ellicient hydration. 

ln microscopic examination of concretes, one of the most 
notable features of the hydrated matrix, aside [rom the 
remaining unhydrated, is a 
An example of this is shown at 60 


lurge masses “qnealy or 
speckled appearance. 
diameters in Fig. 16 (concrete trom pile caps underwater, 
Staten Island Ferry, Battery Park, New York). Such a 
surface is very diflicult to photograph and was obtained only 
by the must delicate polishing. The mealy, or spotty, ap- 
pearance is here clearly shown, and by careful examination, 
i can be determined that each of these spots is a cement 
particle, covered over with a colloidal, or perhaps a colloidal- 
and-crystalline skin, but remaining quite unhydrated at its 
center, 

The reasons tor these conditions are made clear by a con- 
sideration of the phenomena of hydration as before given, 
together with the absorption of water by the particle as hy- 
dration proceeds and the formation of an impermeable cover- 
ing by the desiccation of this colloid through abstraction ot 
water from the outer layers by the inner. Further, even 
with free access of water to the outside of a particle these 
conditions obtain, for in an agitated mass of cement in spite 
ot the profuse formation of floceulent colloids, an unhy- 
drated center has yet been found in each of the particles 
examined, 

Therefore, it is evident that the finer the grinding, the 
better will be the hydration, as the finer the particle, the 
greater its surface in proportion to its bulk and in conse- 
quence, the more ready the penetration of reactive water. 
On the other hand, the finer the particles, the more ready 
and the closer will be their grouping by surface tension of 
the mixing water unless means can be found to lower this 
surface tension, without harmfully affecting the quality or 
the cost of the conerete. 

The importance of increasing hydration cannot be exag- 
yerated. Even a slight increase in thickness of hydrated 
layer results in notable increase in strength. In the earlier, 
though limited, investigations of this research when cement 
was delivered by an air-boil, to be met by finely atomized 
water under the best conditions for union, tensile and com- 
pressive strengths rose to high values, with a further pe- 
culiarity that the cement showed no retrogression with pas- 
sage of time. Micro-sections also confirmed physical tests 
as to the progress of hydration, so that high hopes were en- 
tertained for commercial success along similar lines. 

But since the conditions revealed by this research have be- 
come known and their causes have been ascertained, the next 
step is the overcoming of objectionable features by removing 
the causes of their origin. In other words, if high surface 
tension is at fault, to promote hydration lower that factor 
to a value whieh will not be disadvantageous. There are 
several substances which will lower the surface tension of 
water. One of these is aleohol, and the effect of addi- 
tions of alcohol to the mixing water of cement may be 


readily investigated with the assistance of the microscope. 

in fig. 1é is shown the efiect of adding water to this ce- 
ment. As can readily be seen, the parucles have grouped 
tuemselyes aggiegations ol Varying size, in Llormatiols 
sluudar tu Lound im the examination of set concretes. 
But if to this water is added a small percentage of alcohol, 
dispersion lunmediately results, as in Fig. 18. Although 
the dispersion here is not complete, the cement is in vastly 
better situation to be effectively hydrated than it was when 
closely grouped, betore the deilocculent (alcohol) was added. 

jn commercial work it is of course unpracticable to use 
alcohol im sufficient quantities to properly promote hydra- 
tion, nor would its use be beneficial to the concrete, because 
of the excessive liquid content thus made necessary to allow 
for the evaporation of the alcohol. But theze are other agents 
even more eflicent, which are cheap and easy to use and 
have no objectionable chemical action. So lar as experi- 
ments have been carried out, these substances promise to 
produce concrete of greater density and strength than has 
lieretotore been possible. 

There are, however, certain other ordinary though impor- 
tant factors in the making of conerete which may be con- 
sidered briefly. These are: a thorough mixing; b proper 
proportioning of aggregates; c proper consistency. 

Thorough mixing is one ot the most potent factors in 
securing thorough distribution of cement, thorough contact 
of cement paste with aggregate, and also, to a certain ex- 
tent, hydration. Water does not necessarily wet aggregates 
instantly, for a reluctance or “ skin effect” retards its pas- 
Further, 
tlus film of water on a piece of stone, for instance, or a 
particle of sand, holds beneath it air bubbles, which may in 
some instances be so numerous as to constitute an entire air- 


sage over the surfaces of dissimilar materials. 


skin about the particle of aggregate, preventing contact be- 
tween the cement and the sand or stone, unless mechanical 
agitation, with scraping by adjacent particles, is prolonged 
Further, be- 
sides the smaller lumps and groups of cement particles 


tor a time sullicient to break down such films. 


caused by surface tension, there are commonly very large 
lumps of compacted cement in the sacks, and it often requires 
as much agitation to pulverize these lumps as it does to 
distribute the finer portions throughout the mix. A poor 
quality of concrete should not always be considered due to 
the cement, the aggregate or the water used, unless it is cer- 
tain that proper mixing has been secured. 

The proper selection and proportioning of aggregates is 
also of great importance. It has been pointed out above 
that void determinations were quite unreliable as a basis of 
proportioning, since the aggregates in the set conecretes are 
all in far more dispersed positions, relative to one another, 
than they were when void tests were made. It is axiomatic 
that a concrete, which in density most nearly approaches 
the density of its large aggregate, is the strongest and best. 
Further, the smaller the amount of cement in a concrete, 
consistent with proper void-filling and proper bonding of 
aggregates, the better should be the concrete, since cement 
is the weakest of all the ingredients. For any given ma- 
terials therefore the proportions should be determined in 
such ratio that maximum density will result, and if these 
proportions are adhered to in the field, a very superior con- 
erete should be produced. 

The question of consistency of mix is one which is closely 


related to the size and grading of aggregates. Obviously, a 
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fine sand, which has greater surface area than a coarse sand, 
will require more water for a given consisteucy of mortar 
than would the latter. Similarly a graded sand having less 
voids will require less water than would sand in which all 
the particles are of one size, and the same remarks apply 
to the larger aggregate as well. Excessive water may fur- 
ther oceasion shrinkage cracks in the matrix. Some of 
these may be so large as to be visible to the naked eye, but 
others whose existence is rarely suspected are renderd visi- 


Fic. 28 


ble only by microscopic examination. Fig. 19 shows a three- 
branched shrinkage crack of this kind. If proper tests of 
materials are made, the correct proportion of water may be 
determined, as well as the proportions of the ingredients; 
and if proper supervision is maintained in the field so that 
these quantities are adhered to, there need be little fear of 
producing a concrete which will develop faults as it dries, 
of “drowning” the cement, or of failure properly to fill 


THe JOURNAL 
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forms, or to bond with the steel. Eternal vigilance in, these 
details is one of the requirements for success. 

There have been in the past certain cases of failure of 
coneretes exposed to sea-water, which have become very 
widely known. It is probable that to no one phase of the 
concrete industry has so much thought and labor been de- 
voted as to the study of the behavior of coneretes in sea- 
water and the production of a cement capable of withstand- 
ing their action. There is considerable disagreement among 
authorities as to the causes of such disintegration, but there 
seems to be concurrence in the opinion that the formation of 
calcium sulpho-aluminate by interaction between the sul- 
phates of sea-water and the aluminates of the cement, is in 
large measure responsible. This salt (caleium sulpho-alum- 


inate) increases largely in bulk by crystallization and dis- 
rupts the concrete by the physical actions attendant thereon. 

If we were to picture mentally the formation of such an 
expansive material in the cement matrix of a set concrete, 
we should have to imagine a gradual straining cf the mate- 
rial confining the crystals until rupture oceurred. It is 
significant as to the correctness of such an hypothesis, that 
in the matrix of coneretes which show outward signs of dis- 
integration are found by microscopic study interior evidences 
of such strain. 

In babbitts and the softer bronzes, incipient fracture is 
indicated by “shear planes” or “slip bands.” In Fig. 20 
at 150 diameters are shown similar “shear planes” in the 
cement matrix of a sea-water concrete taken from New 
York Harbor. It will be observed that these shear planes 
are at right angles to the polish-scratches on the specimen, 
so that their lack of identity cannot be questioned. Further, 
this is not an isolated case, since the same characteristic fea- 
tures are found in many other specimens taken from con- 
cretes in similar situations. Fig. 21 shows a repetition of 
these general features, as do also Figs. 22 and 23 all at 150 
diameters. Other examples of the same structures could be 
readily furnished, but these four should be sufficient to es- 
tablish the fact of their nature and existence. 
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Various stages of such erystalline disruptions, indicative 
at least of the possibility of such action, are detected by 
further micro-examination, in big. 24 at 200 diameters are 
seen a pair of parallel shear planes which have evidently 
progressed beyond the stage of strain and become actual 
fractures filled with crystalline material, as may be deter- 
mined by their having withstood the abrasive action of the 
polishing powders, which cut away the softer matrix sur- 
rounding, leaving these fillings in high relief. Im Fig. 25 
at 200 diameters is shown a similar formation, with a large 
group of unhydrated cement particles near by. Fig. 26 
shows at 150 diameters a similar conjunction of crystalline 
tilling of ship planes and an unhydrated group. Whether 
or not this conjunction is of significance is a point yet to be 
tully determined. 

Under certain conditions also this crystalline disruptive 
action may affect a considerable area. In Fig. 27 is shown 
at a magnification of 60 diameters part of such an extended 
action, Where the crystalline formation is a long, disruptive 
dike. ‘This structure resolved at higher magnification (200 
diameters) is shown in Figs. 28 and 29, and this particular 
dike is of special interest in that it lies in a sample of a 
fresh-water concrete 12 years old, which is now showing 
pronounced outward signs of disintegration. It is greatly 
to be regretted that these dikes are so minute as to render 
their isolation and chemical analysis almost impossible. 
Such an analysis would be of great value in deciding many 
questions which at present seem to defy solution. 

But whether or not calcium sulpho-aluminate is the major 
tactor in disruptive tormations in concrete, there seems to be 
agreement among cement experts that advantageous changes 
could be made in the chemical composition of cements, espe- 
cially where they are to be used for sea-water concrete. <A 
reduction in the alumina content would be beneficial in this 
respect, though it would entail serious difficulties in manu- 
tacture due to the higher temperatures required in burning 
the clinker. The addition in grinding of pozzolaine material, 
in order to obtain silica in a condition chemically available 
for union with the caleium hydrate liberated in the setting 
reactions, seems also to have much to recommend it. This 
latter change we should expect to prove very beneficial, for 
the leaching of calcium hydrate from cement structures which 
are subjected to the percolation of water is well known. 
Any such removal of material must necessarily leave a cor- 
responding void suited to the reception of perhaps deleterious 
crystalline material, such as forms the dikes above noted. 

There has recently been published a very exhaustive re- 
search, by Rankine and Shepherd’ of the Geophysical Lab- 
oratory at Washington, on the products formed by the sin- 
tering of varying proportions of the three radicals, CaO, 
Al,O, and SiO., whieh are the essential constituents of Port- 
land cement. A portion of this three-component diagram, 
taken from the Rankine and Shepherd diagram and sketched 
with approximate correetness, is shown in Fig. 2. 

In interpreting this diagram it should be noted that the 
lime eontent inereases vertically, the pereentage being read 
on the parallel horizontal lines. The percentage of alumina 
(Al.0.) inereases downward at the right, the alumina con- 
tent being read on the lines slanting downward from right 
to left. The siliea content similarly increases downward 
but at the left, the percentage of silica for any mixture 
being read on the lines sloping from right to left. The 
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heavy dotted lines indicate the loci of eutectic mixture, and 
the light dotted lines the approximate isotherms. It is evi- 
dent trom these that as the mixture under fusion changes 
its proportion of any of the three ingredients, the sintering 
temperature also changes; and, conversely, if the constitu- 
tion of any mixture is known, the temperature required for 
its formation may also be determined. 

For instance, the temperature commonly employed in 
burning Portland cement is in the neighborhood of 1500 deg. 
cent. This would be the proper sintering temperature of a 
mixture somewhere in the neighborhood of D, where the com- 
position called for would be approximately 37.5 per cent of 
alumina, 6.5 per cent of silica and 56 per cent of lime. But 
the region of Portland cements is in the neighborhood of 
the point A, at which the indicated proportions would be 
alumina 9.66 per cent, silica 23.41 per cent and lime 66.93 
per cent. For the proper formation of this latter com- 
pound a temperature of about 1900 deg. cent. would be re- 
quired. As 1600 deg. cent. is the melting temperature of 
steel, and 1500 deg. cent. the usual kiln temperature, it is 
evident that in the burning of Portland cement, the natural 
tendency is to obtain a product unduly rich in alumina and 
low in silica and lime, so that the formation of the proper 
compounds is left largely to chance; and oftentimes unduly 
large proportions of ALO, are carried over, which, as was 
hetore noted, is generally held to be responsible for such 
disintegration of sea-water concretes as has been observed. 
This is a phase of the sea-water question in the solving of 
which the user can do little except demand a material of the 
quality he desires. Cement manufacturers are, however, 
caring for this question as adequately as commercial condi- 
tions will permit. 

The above diagram, which is based on the tertiary alloy 
diagram of the late Dr. R. H. Thurston, is due to Prof. 
George B. Upton, of Sibley College, Cornell University. To 
him also is due the interesting transformation of chemical 
equations by reduction of certain elements to simpler equiv- 
alents, which does much to clear away the fog caused by 
the complex composition of cements and which further 
shows, by the same means, that the various cements, whether 
Portland, natural or iron-ore-Portland, have essentially the 
same actions as the basis of their setting properties. The 
location of these cements on the diagram are shown at A 
for standard Portland, B for the iron-ore-Portland used in 
the Panama Canal, and C for an American natural cement. 


DISCUSSION 


Joun R. Freeman considered the paper, while excellently 
setting forth advanced methods in microscopic analysis of 
Portland cement mortar, gave simply a diagnosis of some 
of the most important diseases to which cement work is sub- 
ject, without yet giving the remedy. 

He looked upon the matter of applying the methods of 
micro-petography and micro-metallurgy to conerete as noth- 
ing less than epoch-making and considered that the recent 
studies made by the author and by certain other microsco- 
pists gave great promise of extremely important benefits. 
Yet so far as these studies were reported, he regarded them 
merely as an excellent beginning of a more precise, profound 
and intimate study of this most important building material, 
which should be encouraged by engineers and by cement 
manufacturers and carried very much further. 

This paper considers chiefly the methods of microscopic 
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study of voids and lack of hydration. Another investigator 
has made a good beginning on studies of a soluble content of 
the cement, but it is no less important that the study should 
be continued into the realms of micro-physies and colloidal- 
chemistry, if one would learn the cause of some of the ocea- 
sional serious failures in the strength of concrete and its 
slow disintegration by water and frost. 

He had no doubt that ten years from now following 
studies of this kind, a better grade of concrete would be 
made and that some cement made by recent rapid and cheap 
methods and acceptable under present standard specifica 
tions would come to be regarded as doubtful if not danger- 
ous, for portland cement is by no means a simple uniform 
material and different brands and perhaps different batches 
of the same brand are far from being alike and perhaps 
differ in very important particulars from the cement made 
ten, twenty or fifty years ago with which the reputation of 
Portland cement as a permanent water-resisting and frost- 
resisting material was established. 

He recalled the great ghange that had come about within 
his experience of the past thirty or forty years in mixing 
and depositing Portland cement concrete; that the standard 
methods of distributing and depositing concrete in a sloppy 
condition which are standard today would not have been 
tolerated by any respectable engineer years ago in the days 
when standard practice was that of mixing conerete by 
shovels on a mortar bed, turning it over two or three times 
and depositing it in a mealy, slightly moist condition in 
thin layers and carefully ramming it until water fllushed to 
its surface. Today the mixing by rotary machines surely 
is far more thorough and better than the old hand-mixing 
and this improvement doubtless more than compensates for 
the possible injury from excess of water in the modern 
method as compared with the old. 

While nearly everyone knows of this great change in 
methods of mixing and depositing conerete, there are not 
many who fully appreciate the great change that has taken 
place within the past few years in methods of making cement 
in virtually a single operation under intense heat in rotary 
kilus, and we cannot yet be sure that the cement concrete 
put dowa today will all of it prove as durable as most of 
that made with the old-fashioned cement and deposited by 
the old-fashioned methods. 

Microscopical studies like those presented in this paper 
will do much toward finding out how to improve the char- 
acter of the cement and how to improve the quality of 
concrete, and today give more promise than any other line of 
investigation, but the studies must be carried much beyond 
the scope of those outlined in the present paper and the 
most refined processes of physical chemistry called in to aid. 

The speaker suggested two matters of special importance 
which needed further study: 

(1) That of the possible solubility of some of the ultimate 
compounds resulting from the setting of the modern 
cements, whereby structures having thin sections would 
in course of time lose much of the strength on which 
their integrity depends. 

(2) The effect of obscure chemical properties in good-look- 
ing sand which might seriously affect the strength of 
the mortar. 

To illustrate these matters he cited a few tests made, 
incidental to other work, in the laboratory of the New York 
Board of Water Supply and which suggested this danger 
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of dissolving out and loss of the strength-giving quality in 
thin sections of conerete of somewhat pervious or lean qual- 
ity. These tests were a few made primarily to determine 
whether or not aggregates containing certain varieties of 
limestone were soluble, but in the series were specimens 
inade up for control purposes with aggregates essentially in- 
soluble. Croton water under about 40 pounds pressure was 
made to percolate very slowly through disks some 4 or 5 in, 
in diameter by 10 or 12 in. broad for a number of months 
and the filtrate caught and subjected to chemical analysis, 
with the result that it appeared that more of the cement 
than of the aggregate was being dissolved. At the close 
of this test a few of the disks were tested for compressive 
strength with the surprising result that they possessed, as 
the speaker remembered it, less than one-fourth of the 
strength of similar disks which had not been subjected to 
this slow percolation. These experiments were not followed 
up because of lack of time and pressure of other work, but 
they give much food for thought, and it would seem that, 
after all this percolation, the cement in these specimens must 
have been hydrated and thus free from one important defect 
found by the author in most of his specimens. 

The speaker recently has been shown the results of an 
investigation of disintegration of concrete which seemed to 
clearly indicate that the cement was partially dissolved out 
near the surface after a few years exposure to water and 
that the action of frost on the slightly porous mass remain- 
ing caused its breaking down. 

Upon the second topic, of obscure chemical properties, 
and as illustrating the need of supplementing the microscopic 
studies by some researches in colloidal chemistry or by re- 
searches advanced into the realms of physical chemistry, 
he cited some troubles that he encountered three or four 
years ago when planning a concrete dam. Close to the site 
he found what seemed to be a perfect mixture of gravel 
and sand, well graded and apparently clean and requiring 
simply to be mixed with cement and water in order to give 
excellent conerete, but on sending samples of this material 
to the laboratory for mechanical analysis and test of mortar 
it was found that the mortar made from this sand would 
not stand up sufficiently to be held in the clamps of a 
testing machine after setting 7 days, and after setting for 
28 days it gave a strength less than one-fifth of the normal 
when tested with four or five different brands of cement; yet 
one particular brand of cement was found which gave a 
fairly strong mortar with this same sand, thus proving that 
the trouble was to be looked for in the sand rather than in 
the cement, but no reason has yet been found why this one 
particular make of cement worked so very differently with 
this peculiar sand. 

After washing this sand in a way intended to cause mutual 
attrition and serubbing of the individual grains, it was 
found to give tolerably strong mortar with all these branas 
of cement, and on analyzing the wash water by methods 
used for drinking water the reports showed a large per- 
centage of albuminoid ammonia. An expert of the U. 8. 
Department of Agriculture, who had spent much time on 
studies of the solubility of the mineral ingredients of dif- 
ferent soils, suggested to the speaker that the peculiar be- 
havior of this sand in relation to Portland cement was prob- 
ably due to a low, complex organic acid, akin to tannic acid, 
which was present in a condition of adsorption on the out- 
side of the sand grains and that to find out what was 
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worth knowing about this action might keep a skilled re- 
search chemist busy for a year.’ 

It is certain that some concrete has withstood frost and the 
wear of rapid currents of water for many years marvelously 
well. On the other hand, it is certain that some concrete 
from cement made by rapid modern methods, under rigid 
specifications and conscientious inspections, has gone to 
pieces in a most distressing way. It is possible that some 
of the modern concrete put down with a super-abundance of 
water, and perhaps some that is made with cement contain- 
ing ingredients leading to compounds that will ultimately 
become soluble, may bring disaster when concrete is used in 
thin sections under high water pressure and expected to 
retain its normal strength indefinitely. 

The subject is extremely important and engineers should 
be grateful tor all contributions to it like the present paper 
and should be pleased to note that while the author now 
simply gives lis method of diagnosis, he implies that in a 
future paper a remedy for some of the present troubles will 


be presented, 


Frank said that his first experience with 
Portland cement was in 1885, when cement practice was 
entirely different (from a workman’s standpoint) from what 
it is to-day. In those days any man that used Portland ce- 
ment on the first set was considered an ignoramous; to-day 
any many that uses it on the second set is considered a fool. 

This work on the chemistry of cement is of tremendous im- 
portance to the country. What we are going to do with ce- 
ment in the next few years as compared with what we have 
done will be of tremendous value in the structural world. 

He had specialized in concrete, not in the chemistry of it 
but in its utilization, and in the latter connection he gave 
some of his experiences. 

He was once building a hotel in San Francisco, and the 
reinforced concrete columns and girders were built up to the 
second floor, and the rest of the building was proceeded with, 
but the conerete did not set—and had not done so for eight 
weeks. Forms were taken out in a few places to see whether 
air was required to dry it out, but without effect. Just as it 
seemed that the concrete work must all be taken down, the 
San Francisco earthquake occurred, and the day after the 
concrete was found to be set. Whether it happened that the 
earthquake caused the setting or no, the fact is exactly as 
stated. 

We are not sure but the atoms that make up the molecules 
in conerete might possibly require a physical start to cause 
the material to set. Several times the setting of concrete 
that has been delayed has been known to be started by ma- 
chinery being run in the vicinity, and it is well known that if 
air riveters are working on the forms of conerete when the 
latter is being poured, a quicker set is obtained than at 
another time. 


F. H. Neweut also related an experience in connection 
with conerete refusing to set. The Board of Engineers had 
set up some concrete work at a large expense to the Govern- 
ment, and then reported that the concrete did not set and 
must be taken out. By the time the report was issued, the 
piers which were officially condemned as worthless had set 
as hard as granite. 

In reference to the fineness of the cement, he thought it is 


*See Eng. News, July, 1912, contribution by J. R. F. 


generally recognized that fine cement is so much better than 
coarse cement such as that which stays at the top of a 200 
mesh sieve, and which has very little cementing value. Such 
cement ground up and passed through a 200 mesh sieve and 
made into little test pieces had been found to break at 600 
lb. per sq. in.; reground, passed through the 200 mesh sieve 
and set up again, test pieces broke at perhaps 300 lb. per sq. 
in. Reground a third time and set up, pieces broke at about 
200 Ib. This illustrates the point that the regrinding of the 
cement, bringing the minute particles into immediate contact, 
enables it to set up again, and apparently inditates that we 
are not getting the full cementing value from our concrete as 
ordinarily used. He thought this point is one worthy of a 
good deal of investigation. 

G. A. RANKIN’ (written): This paper is very interesting 
and instructive in so far as it gives a large amount of data 
on the mechanical hydration of Portland cement and the dis- 
integration of concrete in sea water. The discussion of the 
components of cement CaO, A1,O,, Si0,, F,0, and MgO, is, 
however, open to criticism. 

The statement that if the constitution of any mixture 1s 
known, the temperature required for its formation may also 
be determined, is not true. The temperatures given in Fig. 
2 are temperatures of complete melting and not tempera- 
tures required tor the formation of compounds. In faet, it 
cannot be said that there are any definite temperatures for 
the formation of the compounds which go to make up Port- 
land cement, as the formation depends on the time of heating 
and the fineness of the raw material, as well as the tempera- 
ture. If suflicient time is allowed, it is possible to form 
these compounds even at temperatures much below that at 
which melting begins in a given texture. In actual cement 
practice, however, the temperature of burning is sufficiently 
high so that a small amount of the clinker is melted. This 
is necessary, as a small amount of melted material acting asa 
flux is required in order that the formation of compounds 
may be completed within a reasonable time. The tempera- 
ture of the clinkering zone as determined by the Geophysical 
Laboratory in a number of Portland cement kilns was found 
to be about 1425 deg. cent. At this temperature only a 
small portion of the clinker is fused (melted); even so, it is 
sufficient for the proper formation of the compounds if the 
raw material is of a fineness such as is ordinarily required 
in good cement practice; in other words, the reactions which 
take place in the burning of Portland cement clinker go prac- 
tically to completion even at a temperature of about 1425 
deg. cent. The statement that the formation of the proper 
compounds is left largely to chance and that oftentimes un- 
duly large proportions of A1,O, are carried over is not true 
of good cement practice. In such practice it is possible to 
so control the raw material and conditions of burning that 
the resulting cement will be made up of proper compounds 
in such proportions that no improperly combined A1,0, will 
be present. As to whether or not it is the compounds of 
A1,0, which react with sea-water to cause the disruption of 
concrete is another matter, which it should be possible to 
settle by determining the action of sea-water on cements 
made up of the two aluminates, 3CaO, A1.0,, and 5Ca0O, 
3A1.0,, which oceur in Portland cement. The idea that 
CaO and MgO and likewise A1.0, andFe,O, act similarly 


1 Geophysical Laboratory, Washington. D. C. 
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in hydraulic cements and form similar chemical compounds 
is erroneous. Recent investigations have shown that MgO 
and CaO, likewise Al,O, and Fe,O, do not act chemically 
alike, either in the reactions which take place in the burning 
of cement or in those which take place during hydration. 
For example, CaO unites with A1,O, in the formation of 
four distinet compounds, while MgO unites with A1,0, to 
form but a single compound whose properties are not similar 
to the calcium aluminates. Again, Fe,O, and A1,O,, as they 
occur in cement compounds, react with water very differently, 
the ferrates being slow to act while the aluminates react with 
great rapidity, and the final products of hydration have de- 
cidedly different properties. It will be seen, therefore, that 
speculation which assumes the reactions between the chem- 
ical components of Portland cement, based on any two or 
more of these components acting as chemical equivalents, may 
lead to disastrous results. 

In order to establish a sound basis for the study of Port- 
land cement and its use in conerete, it is absolutely necessary 
that one proceed systematically to determine first the eom- 
ponents which make up the cement. These are CaO, AlO,, 
Si0,, Mgo, Fe,0,, ete. 

Knowing the components, the next step is to determine by 
experiment the compounds formed by these components in 
the proportions as they oceur in cement. Having isolated 
each of these compounds to determine its composition and its 
optical properties for its certain identification, it will then be 
necessary to study its hydraulic properties. With this data 
it will be possible to state definitely just what is the nature 
of the setting of cements, also to state just what compounds 
should be present in order to produce the strongest cement 
and what compounds are best to withstand action of sea- 
water, ete. 

Proceeding in this systematie way, work has been carried 
on at the Geophysical Laboratory in an effort to determine 
the compounds formed by the components which make up 
Portland cement clinker. Since the components CaO, Al.0.,, 
SiO, make up over 90 per cent of the chemical composition 
of most Portland cement, it seemed best to first make a study 
of these three oxides by themselves. The result of this in- 
vestigation has shown that when CaO, Al.0., SiO,, are burned 
in the proportions as they oecur in Portland cement clinker, 
the resulting product is made up largely of the compounds 
3Ca0.Si0,; 2CaO.Si0,; 3CaO.Al,0,, with oceasionally small 
amounts of free CaO and the compound CaO3Al0,. Each 
of these compounds has definite optical properties which 
have been determined; this enables one to identify these 
compounds in any mixture in which they may occur. 

The cement clinker made up only of CaO, Al.O,, SiO, on 
grinding and mixing with water has been found to possess all 
the properties of a desirable Portland cement. It has further- 
more been found by subsequent work of the Bureau of Stan- 
dards at Pittsburgh, that over 90 per cent of an average 
Portland cement clinker is made up of 3Ca0.Si0,; 2Ca0.- 
Si0,; 3Ca0.Al,0,; and 5Ca0.3Al1,0,. These compounds are 
present as definite individual erystals whose optical char- 
acteristics are not appreciably affected by the small amount 
of MgO, Fe.0,, ete., which are always present in Portland 
cement. A study of the hydration of those compounds was 
undertaken by the Pittsburgh Laboratory of the Bureau of 

Standards, and from the results obtained it is now possible 
to explain the chemical reactions which take place during the 
setting of Portland cement. With these added data it is now 
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possible to proceed with confidence to the determination of 
the proportions of these CaO, Al.O,, SiO, compounds which 
should be present in order to produce a cement which on 
setting will possess the most desirable properties for various 
purposes. 


Harry FraNkiIN Porter’ wrote that Mr. Johnson has 
established, by laboratory methods, conelusions which the 
writer believed since 1908, that the true cement is a colloid 
produced by thorough hydration. A special article dealing 
with this important subject, based largely on the findings of 
Dr. Michaelis, was inserted in an appendix to a publication 
by the writer the following year. 

Further, at the 1910 convention of the American Conerete 
Institute, the writer again devoted a considerable portion of 
a paper to a discussion of this subject, recounting an ex- 
perience in Philadelphia several vears previous, in which the 
value of thorough mixing of concrete as promoting colloidal 
formation was conclusively demonstrated. 

This experience was that a certain batch of concrete, sup- 
posedly useless on account of having been churned in the 
mixer during the whole of the noon hour, was dumped on 
concrete poured the previous day. Instead of becoming a 
loose mass of rock and sand, as expected, it set up smooth 
and hard and adhered so firmly to the old concrete as to re- 
quire picking to remove it. Moreover, it presented a different 
appearance than any conerete the writer had seen before and 
was much more uniform in color and texture. The excep- 
tionally thorough mixing, and the unintentional thorough 
hydration, instead of weakening it seemed to have vastly im- 
proved its quality. 

In conerete work, there is necessity for, first, intelligent 
selection of the aggregates; second, their scientific propor- 
tioning; and third, their thorough admixture. If the proper 
care is taken in these matters, not only is a considerably 
less amount of cement suflicient, but a conerete of vastly 
superior quality and strength is seeured. 


Tue Avrior. The comment most frequently met with 
in regard to this microscopie study of coneretes is that it 
does not indicate a remedy for the defects shown. Miecro- 
scopie examination is primarily a diagnosis. It shows con 
eretes as they actually are, not as they are supposed to be; 
and the faults that careless procedure and improper selee- 
tion of materials induce. Further, the inter-relation and the 
inter-action of the several materials composing concrete are 
made plain, together with the penalties attendunt upon any 
neglect of these inter-relations. 

The remedy lies very largely in alterations of our present 
procedure. It is very true that there are certain beneficial 
changes that might be made in the cement, winch is not by 
any means an ideal product, but it is true, also, that more 
care should be used in the selection and particularly in the 
quantities of the other constituents used. When the econ- 
crete maker realizes that the quantities and gradings of his 
stone and especially of his sand are vitally important and 
when he also realizes that the quantity of water may not be 
varied beyond certain limits, we may hope to see a very im- 
portant change in the quality of concrete. 

It should also be realized by engineers that conerete is not 
an infinitely dense, hard, resistant substance, but that, on the 
contrary, it is a material which varies in durability. 


1 Industrial Engineer, Chicago, Il. 
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DESIGN OF RECTANGULAR CON- 
CRETE BEAMS 
BY HOWARD HARDING, ROCHESTER, N. Y. 


Associate-Member 


LiE resisting moment of a reinforeed concrete beam, in 
TT inch-pounds, may be represented by the formula 
Resisting moment = b 
where 
b is the breadth of the beam in inches 
d is the effective depth in inches 
R is a numerical coefficient 
The value of & (for a given ratio of the modulus of' elastic- 
ity of steel to that of concrete) depends upon the percentage 
of steel reinforcement used and the safe working stresses for 
steel and concrete. These values of FR for different working 


stresses and percentages of steel have been plotted in very 
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convenient eurve form in Turneaure and Maurer’s “ Prin- 
ciples of Reinforced Con: rete.” 

For the purposes of this article it will be necessary to 
cite only a few values of RB corresponding to some of the 
nore common working stresses. The ratio of E. to E. is 


taken as 15, 


For f, 700 and f, 16,000 

For f 600 and f, = 16,000 

For f, 500 and f, = 16,000 

For f 100 and f, 16,000 
R 120, per cent steel = 0.87 
R= 4, per cent steel = 0.68 
R= 71, per cent steel = 0.50 
R= 49, per cent steel = 0.34 


In ease of reinforcement in excess of the amount required 
to divide the working stresses as shown there is a slight gain 
in strength due to the shifting of the neutral axis toward 
the steel. When the conerete has reached its working stress 
the steel will still be understressed. In such eases the value 
of R used must he the one corresponding to the working 
Stress of concrete and the percentage of reinforcement. 

The ordinary method of using the data thus given is that 
of “ent and try.” 

After quite a bit of experience with that method the grow- 
ing dissatisfaction prompted the plotting of the equations 

Presented at the Spring Meeting of the Society, June, 1915. 
Complete paper may be obtained without discussion: price 5 
cents to members; 10 cents to non-members. 


volved so as to give a direct method of arriving at the 
result desired. Atter some study a logarithmic torm was 
adopted which seems to serve the purpose, 

On a sheet of logarithmic Cross-section paper the values 
ol b&b were denoted by the horizontal lines intersecting the 
left-hand ordinate. The left-hand ordinate was called the b 
scale. Through the origin (that is, through the point 1, 1 
of the diagram) draw a line to the right at 45 deg. to the 
horizontal, By inspection of Fig. 1 it can readily be seen 
that the point ot intersection of any value b with the 
vblique line, if projected vertically upward to the top hori- 
woutal seale of the paper, will give a logarithmic reading 
exactly equivalent to that of the b scale. Now let the oblique 
line correspond to d = 10 and multiply the readings of the 
top horizontal seale by 100. Then again by inspection, it 
will be seen that by projecting vertically upward the inter- 
section of any value b and the line d 10, we may (on 
the multiphed horizontal scale) read direetly the correspond 
ing value of 

for values of d other than 10 there is a family of lines 
parallel to the line d 10. 

it now remains to introduce the factor & into the diagram. 
A range of from 40 to 120 for this coeflicient will be found 
to cover about all cases likely to arise. Since the bending 
moment is ordinarily computed in foot-pounds we may write 
our fundamental formula to correspond to those units. 


Then 


bd 
Resisting moment I? 
12 
and when # 120 
Resisting moment 


By projecting the values of the b d® seale upward to a hori 
zontal scale whose readings are 10 times that of the b a 
seale, we obtain directly the resisting moment in foot-pounds 
corresponding to any value of b d* and R 120. The dia 
gram is arranged to care for other values of R by taking 
the proper fractional part of the resisting moment of the 
beam at 2 120. Thus, for R = 60, one half of the re- 
sisting moment of the beam at KR 120 is taken. This is 
done graphieally bv proceeding upward to the horizontal line 
representing the desired value of R and thence proceeding 
along the oblique line to the top seale where the resisting 
moment in foot-pounds is read, 

In the lower part of the diagram it will be noticed that 
there are two other families of oblique lines. One of these 
shows the ratio of d to b and the other the cross-sectional 
area or the product of d times b. 

The method of using the diagram is ordinarily just the 
reverse of the order in which it has been developed. First 
decide upon the working stresses and determine the corre 
sponding value of R and the percentage of reinforcement. 
Then compute the bending moment in foot-pounds which it 
is desired that the beam should withstand. Locate the bend- 
ing moment thus computed at the top of the diagram, Fig. 2. 
Thence proceed parallel to the oblique lines until the value 
of R previously determined is intersected. From this inter- 
section proceed vertically downward into the lower part of 


the diagram intersecting the horizontal lines representing 
breadth, and the oblique lines representing depth. At any 
one of these intersections the required breadth and depth 
may be read. Any of the corresponding values will satisfy 
the condition for strength, but the values chosen will de- 
pend upon the shape of'beam desired. If we wish a certain 
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ratio of depth to breadth we can obtain it by stopping at 
the dotted line representing that ratio. If a certain depth 
or a certain breadth is desired it is necessary to proceed 
vertically downward until said depth or breadth is inter- 
sected and the point of intersection automatically determines 
the value of the other dimension. 

In a beam of dimensions as determined by the use of the 
diagram in Fig. 2 no allowance has been made for the bend- 
ing moment of the beam due to its own dead weight. To 
take care of this additional bending moment either one or 
both of the dimensions must be increased. To determine the 
amount of the inerease necessary for different spans 
and types of beams a second diagram has been devel- 
oped. The strength of the beam may be increased in three 
different ways, viz; (a) by inereasing both breadth and 
depth. (b) by increasing depth only, and (c) by inereas 
ing breadth only. The determination of multiplying factors 
for these three cases is now taken up. 

The author derives the following formulae to cover these 
cases: 

Increasing strength by increasing breadth and deptli: 
( (156 
F=Rd 
Increasing strength by increasing depth only: 
( (1.56 k) ) 
lnereasing strength by increasing breadth only: 
( (1.56 k) ) 

It will be noted that the form of the three expressions just 
developed is the same, the only variation being in the ex- 
ponent of the term & enclosed in the parenthesis. A tabula- 
tion of the values of the parenthesis corresponding to differ 
ent values of k is given in the paper. 

To summarize the foregoing it may be well to work out a 
problem in detail. The writer has found the following to be 
a very convenient and useful form of computation: 


R d 


{Span = 18 ft. Load = 370 lb. per linear ft. 
370 X18? 


| Shear = 3,330 lb. + 4% weight of beam 


| Bending moment = 


” J: = 16,000 f, = 600 R = 94% steel = 0.68 sq. steel rods 
12.5125 9.4X14.10 7.5 X16 
| Corrector 1.17 1.145 1.136 
~ |bxd 14.6 10.8 X16.1 8..)X18.2 
lb xd 213 133 120 
| Unit shear 25 35 37 


‘Steel 45-in. bars, or 3 9/16-in. bars, or 3 9/16-in. bars, or 
3 11/16-in. bars 2 11/16-in. bars 2:11 /16-in. bars 


The above tabulation shows three beams which would be 
suitable. The one which best suits the rest of the strue- 
tural design may be used. The correction factor used was 
the one corresponding to the inerease in both dimensions. 
It should be noted that d represents the effective depth, and 
the distance from the steel reinforcing to the bottom of the 
beam must be added to get the total depth. This “cover” 
portion of the beam has been neglected in all of the com- 
putations for strength. The determination of the second 
beam in the tabulated form is plainly indicated on the dia- 


grams so that the method of using them ought to be readily 
understood. 


MODEL EXPERIMENTS AND THE 
FORMS OF EMPIRICAL 
EQUATIONS 
BY EDGAR BUCKINGHAM, WASHINGTON, D. C. 
Member of the Society 


HE purpose of the paper is to illustrate, by application 

to a few problems in technical physics, the methods by 

which dimensional reasoning may be made use of in plan- 

ning and interpreting experiments, in devising empirical 

equations for use in design, and especially in the perform- 

ance of experiments on models in such a way as to furnish 
reliable information about the full-sized originals. 

The General Theorem. The well known principle of the 
dimensional homogeneity of physical equations may be ex- 
pressed in the form of an algebraic theorem which is con- 
venient for application. This will be referred to as “ the 
[]-theorem ”: it states that any relation which involves » 
physical quantities of different kinds, may be described by 
an equation of the form 

f (IL, = 0, 

in which k is the number of fundamental units needed, and the 
[l’s are dimensionless products of powers of the symbols 
which represent the various physical quantities involved in 
the relation. The value of & is generally 3 in mechanical 
problems, though in statics k = 2. In the most general 
problems, involving thermal and electromagnetic, as well as 
mechanical quantities, k = 5. 

To avoid delay at this point, the deduction of the II 
theorem is relegated to an appendix. 

The Flow of Liquids in Smooth Pipes. The mechanism of 
applying the I1-theorem in a concrete instance is illustrated 
in this familiar example, and it is shown that any correct 
equation for representing the flow of an incompressible fluid 
through a smooth pipe must be of the form 

DG DSe 
2 = 
oS 
in which: D = diameter; G = pressure gradient; S = speed 
of flow; ¢ = density of the liquid; » = viscosity of the 
liquid; and ¢ represents an unknown function of DSo which 


must be determined empirically. Comparison with the best 


experimental data confirms the conclusion, and the plotting 
of a diagram, in which English and metric data are used in- 
discriminately and without conversion, illustrates the con- 
venience of working with dimensionless quantities. The com- 
parison of the above equation with the known facts helps us 
to a physical understanding of the phenomena of stream line 
and turbulent flow—especially the existence of a critical 
speed and the unimportance of temperature at high speeds 
or in large pipes. 

Resistance of Immersed Bodies at Moderate Speeds. A 
“ moderate ” speed is one far enough below that of sound in 
the medium, that the compressibility of the medium has no 
sensible effect on the resistance encountered by a moving 
body. The II-theorem is used in finding the necessary gen- 
eral form of empirical equations between the resistance, 
speed, size, and shape of the body, and the properties of the 
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medium. Consideration of the general equation and of the 
experimental work needed for determining its specific form, 
leads to the notion of model experiments and to the concep- 
tions of corresponding speeds and of dynamical similarity. 
This explains the justification of the method of determining 
data on air-ship forms by the use of very small seale models 
in water. 

Resistance to the Flight of Projectiles. This section shows 
how the conclusions reached in the preceding one must be 
supplemented and modified when the speed approaches or 
surpasses that of sound and the resistance is increased by the 
continual drain of energy in maintaining the head and base 
waves. Model experiments in air are impracticable, but the 
interesting possibility suggests itself that information about 
the resistance of large projectiles might be obtained from 
observations on the retardation of very small models—to a 


scale of about 


shot under water. A plot of observed 


resistances in air shows that the resistance offered to high- 
speed projectiles depends on density and compressibility 
while the effect of viscosity is negligible. 

Screw Propellers. The consideration of the thrust of serew 
propellers illustrates an application of the Il-theorem in a 
more advanced case, the number of kinds of quantities to be 
considered being greater than in the examples already 
treated. The conditions for dynamical similarity of pro- 
pellers of the same shape but different diameters are found, 
the simplest being that the propellers shall be run at the 
same slip ratio and the same relative immersion. The condi- 
tions can not all be exactly satisfied in practice, but it is 
further shown how one of the conditions, that relating to 
viscosity, is of small importance, and how by neglecting it, 
approximate results may be obtained. The condition for 
corresponding speeds of advance is then the same as in 
Froude’s law of comparison, and the thrusts are proportional 
to the cubes of the diameters. This conclusion appears to 
agree with experiment, showing that the approximation made 
in neglecting viscosity is permissible. If propellers of a 
given shape are run at the same slip ratio and so deeply im- 
mersed as to cause no surface disturbance, all speeds corre- 
spond, and the thrust is proportional to (DS)’*, D being the 
diameter and S the speed of advance. 

Heat Transmission. The I1-theorem is applied to a simpli- 
fied problem in heat transmission, and it is shown that while 
various roughly approximate relations must be assumed, the 
assumptions are plausible and the results obtained probably 
nearly correct for ordinary heat transmitting devices, such as 
steam coils with air foreed over them for indirect heating, 
under working conditions. Some of the algebraic expedients 
which are occasionally needed in using the Il-theorem and 
which have not come up in any of the preceding sections, are 
illustrated here. The physical conclusion is that under ordi- 
nary working conditions, when a fluid is forced through a 
heating or cooling device of given design, the difference of 
temperature of the fluid and the solid surfaces at exit is a 
definite fraction of the difference at entrance, this fraction 
being fixed by the design of the apparatus and influenced in 
only a very minor way by the size of the apparatus, the 
initial difference of temperature, the nature of the fluid, or 
its rate of flow. 

Conclusion. It is pointed out that the method of reasoning 
by means of dimensions is purely algebraic and therefore 
rigorous, so that the correctness of conclusion obtained by its 


aid depends only on how much physical knowledge and com- 
mon sense we display in using it, the method itself being a 
mere logical tool. It is, however, extremely easy of appli- 
vation, and it often throws a quite surprising light on experi- 
mental facts which would, without its aid, be very diflicult to 
analyze and interpret correctly. 


DISCUSSION 


M. D. Hersey. The author has struck the keynote of a 
new development of technical physies, whieh will eventually 
play the same part in mechanical engineering that physical 
chemistry has begun to play in the chemical industries. It 
will directly be seen that this prediction is not. a propheey 
at all, but merely an observation. 

The importance of technical physies, as a braneli ot sub- 
ject matter, is already so clearly recognized in Germany 
that laboratories are being established exelusively devoted to 
this field. 

But the development which I think we may now anticipate 
is something distinct from this, and a natural seque! to it: 
1 refer to the development of technical plysies, not as a 
branch of subject matter, but as a method of reasoning. 

It is from such a standpoint that technical plysies becomes 
analogous to plivsical chemistry whieh is the planning and 
interpretation of chemical experiments in the light of tierme- 
dynamics and the phase rule; and the []-theorem is closely 
analogous to thermodynamics and the phase rule. Thermo- 
dynamics affords certain rigid connecting links between 
seemingly isolated experimental results, while the phase rule 
tells us the number of degrees of freedom of a chemical 
system. The []-theorem likewise affords rigid connecting 
links which not only serve as a check on the consistency of 
our results, but may greatly cut down the labor of experi- 
menting. Thus, on applying the []-theorem to lubrication, 
we find, under certain conditions, that the coetlicient of fric- 
tion, f, must be some function or other of the two variables 
wn D'n 
and — alone; in which denotes viscosity, revolutions 
p 
per unit time, p bearing pressure, D journal diameter, and 
volume of oil pumped through bearing in unit time. Hence, 
the same change in f will be produced by a given change in 


un 
the argument ——— , whether this change is, in turn, caused by 
p 


varying w in one direction or by varying p in the other 
direction; and so on. These faets, all implicitly contained 
in the Il-theorem, ean, for the sake of emphasizing our 
analogy, be expressed by the equations 


af éf Of, 
- whence =—~—.—~} 
p p du 

= whence = —3—~ ;etc 


And, just as the phase rule tells us that the number of de- 
grees of freedom in a chemical system is / = K — P + 2; 
K being the number of components which coexist in phases; 
so also the [][-theorem tells us that the number of degrees 
of freedom in a physical system is f = p — k — 1; k being 
the number of fundamental units needed to describe a rela- 
tion subsisting among the p physical quantities. The number 
of factors which must be experimentally varied in order to 
map out the relation for the first time is, of course, one 
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greater than the number of degrees of freedom, or simply 
k. 

The author has himself stated that the paper contains 
nothing essentially new. Any allusion to the contrary would 
be an impediment to the suceesstul use of the methods pre- 
sented. The kernel of the paper is a theorem which is merely 
a restatement of the requirements of dimensional homo- 
geneity, announced by Fourier nearly a hundred vears ago, 
and e tensively used by Rayleigh and others. But the faet 
that the paper contains nothing essentially new does not 
diminish its value. Gibbs’ phase rule, too, was new only in 
form, not in substance, vet it served as the crystallizing in- 
fluence which caused an immense number of latent ideas to 
fall into line, and we may expect the []-theorem to play 
a similar role. 

This inevitable development of technical plysies into a 
unified braneh of science, whieh will require the same funda- 
mental place in the engineering curriculum that physical 
chemistry now holds in the chemical curriculum, ean be facili- 
tated if writers on the problems of livdro and aero dynamies, 
heat transmission and the like will be as introspective as pos- 
sible, explicitly calling attention not only to their results, 
but to their methods of reasoning as well. For in every 
successful artifice of reasoning there must be some element 
Whieh is universal, and capable of being generalized and 
made into a working tool. 

In conclusion, the facet should be reeorded that the writer's 
paper on the Laws of Lubrication is in part an application 
of the [][-theorem, and that, therefore, the discussion of his 
paper is to be considered a continuation of the diseussion of 
Dr. Buekingham’s paper. 


Metacu I, Nesim. The author calls attention to the aid 
to be obtained in the application of the theory of dimensions 
in serutinizing results of tests, and his general methods 
should be of value to engineers engaged in experimental 
work, 

The conditions for similarity, discussed in the paper, have 
heen noted and applied with great advantage by designers 
of centrifugal compressors and pumps. Two centrifugal 
compressors, if they are geometrically similar, have the same 
efhereney provided the following relation is maintained be- 
tween the rated flow, Q, the peripheral speed of the im- 
peller, S, and the impeller diameter, )): 


SD? Spe constant. 

The eyperimental data on one particular size of com- 
pressor can be utilized to predict with the per- 
formance of a number of sets provided they are made 
geometrically similar and rated according to the relation 
mentioned above. In terms of the mean effective pressure, 
P, the rp.m., V, and the flow, Q@ (volume per unit of time), 
the relation is equivalent to 


Qn’ 
P? 


= constant. 


A. R. Dopce said he had investigated the drop in pressure 
of superheated steam under similar conditions to those of 
Stanton and Pannell’s experiments on air and water, using a 
l-in. smooth drawn brass pipe, steam jacketed. The re- 
sults obtained showed that the same formula for pressure 
drop would apply for steam, in addition to air, water and 
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oil. It ought, therefore, to apply for any fluid and simplify 
existing formulae. 

He had also made a number of steam tests with commer- 
cial iron pipe, 2 to & in. in diameter, and found that the re- 
sults were consistent, being only modified by the roughness 
of the pipe. 


Joun R. Freeman said that he possessed data of his own 
experiments with ordinary rough pipes, which might be of 
value in solving the problems presented. He said he had 
conducted a very extended range of experiments, in 1893, 
on pipes of all degrees of smoothness, from seamless brass 
pipe to evceedingly rough pipe. 


L. W. asked for further information in connee- 
tion with investigations to determine certain facts in refer- 
ence to locomotive sparks. It becomes necessary to know to 
what height sparks are ejected from locomotives under 
various operating conditions, and he asked whether experi- 
ments with a specially designed model locomotive would give 
data that would be comparable with the actual height the 
sparks would be thrown, the size of the sparks, ete, 


Tue Avruor. In reply to Mr. Wallace, it is conceivable 
that model experiments might be so devised as to furnish 
the desired information; the difficulties appear, at first sight, 
rather formidable. It is impossible to say off-hand, before 
examining the problem carefully, whether an attempt to 
solve it in this way would have any prospect of success. It 
would seem much simpler to study the actual emission of 
sparks from a locomotive by making runs at night and tak- 
ing photographs—possibly kinematograph records—from 
two points on the train, one close to the locomotive and one 
much farther back. 

In reply to Mr. Freeman, in trying to get an equation 
which could be made to represent the resistance of both 
smooth and rough pipes by varying only a single quantity— 
representing the roughness—the author had used Saph and 
Schoder’s results exclusively, because in a preliminary study 
consisten¢y was more important than aeeuracy. He had 
found, however, that the data were not suflicient for his 
purpose, and it would be a matter of great interest to him 
if he were privileged to examine Mr. Freeman's experi- 
mental results. 

In reply to Mr. Dodge, it must be a satisfaction to all eon- 
cerned with the subject of pipe resistance that the results 
of lis wide experience with steam agrees so well with those 
obtained by Saph and Schoder for water, and by Stanton 
and Pannell for both water and air. We may safely con- 
clude that the basis of physieal ideas from which the dimen- 
sional treatment starts is sensibly correct and that no im- 
portant element in the problem has been overlooked. The 
results obtained by dimensional reasoning are so instructive 
and the problem of pipe resistance so important that the 
confirmation which Mr. Dodge has given is a valuable con- 
tribution to the subject. 

The example, brought forward by Mr. Nusim, of the prae- 
tical utilization of the motion of dynamical similarity, is 
very interesting. The author’s object in presenting his 
paper was to call attention to the method which, he is con- 
vinced, will in time come to be one of the engineer’s handy 
tools, like the two laws of thermodynamics. But since he is 
aware that his opinion of the value of the method may be 
received somewhat sceptically by professional engineers, tes- 


eis 
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timony in its favor from one engaged in practical designing 
work is doubly welcome. 

In reply to Mr. Hersey, mechanical engineering is an art, 
not a science; and the ability and imagination of the indi- 
vidual engineer will always be its most important element. 
But common sense tells the engineer to get as much outside 
help as he can in solving his problems, and one source of 
such help is physies. As Mr. Hersey points out, the aid to 
be got from physics does not consist merely in new determi- 
nations of physical constants or in experimental investiga- 
tions of physical problems which are of special interest to 
engineers. It consists also in the systematic use of the sei- 
entific method of physies in analyzing problems, planning 
experiments, and coordinating known facts so as to bring 
to bear on any new problem all the available knowledge, of 
whatever sort and wherever obtained, which may seem to be 
pertinent. This is the technical physics which is destined 
not only to work in its laboratories on problems presented by 
engineers, but to be recognized as an inseparable companion 
of sound and progressive mechanical engineering. 


ON THE LAWS OF LUBRICATION OF 
JOURNAL BEARINGS 


BY M. D. HERSEY, WASHINGTON, D. C. 
Member of the Society 


N order to establish a rational basis for bearing design, it 
| would be desirable to have empirical equations, or 
curves, showing accurately and completely how the friction 
loss and load-carrying power of bearings depend on all the 
physical conditions governing the action of lubrication, in- 
eluding, of course, the size, shape, and fit of the bearing, the 
speed, degree of lubrication, properties of the lubricant, and 
characteristies of the cooling system. The problem of map- 
ping out the laws of lubrication in this general way, whether 
by piecing together existing data or by making new experi- 
ments, is such a complicated one that it is worth while to stop 
and consider whether any general principles are available 
which may serve to simplify it. A recognition of the above 
facts has led to the present paper. 

Relation of laws of lubrication to design. After the re- 
quirements of strength and rigidity have been met, there may 
remain a question as to length and diameter which must be 
settled by reference to the laws of lubrication. Evidently 
too short a bearing is in danger of abrasion, while too long a 
bearing entails needless dissipation of power. 

Let the coefficient of friction, f, be defined by the equation 

P 
in which F is the frictional resisting foree and L the load on 
the bearing perpendicular to its axis. Let the bearing pres- 
sure, p, be defined by the equation 


_L 

in which 1 is the length of the bearing and D the diameter of 
the journal. Let p, denote the carrying power or greatest 


permissible bearing pressure. Then the shortest permissible 
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length of a bearing, /., may be caleulated from the equation 


| | 
D po (BI 


while the power dissipated in this bearing at a speed of n 
revolutions per unit time will be 

Equations [3] and [4] are purely formal and their practical 

use demands a knowledge of some relation 

f=¢ (p, n, D, l, ete.). ... [5] 
between the coefficient of friction and all the physical quanti- 
ties governing the action of lubrication; together with some 
relation 

Do=w (n, D, l, ete.)..... 
between carrying power and the factors which it may depend 
upon. 

Equations [5] and [6] symbolize the most important of 
the laws of lubrication needed in design; and they may be 
termed the law of friction and the law of carrying power 
respectively. 

Definitions of friction and carrying power. Already the 
coefficient of friction has been defined as the ratio of frictional 
resistance to the load on the journal perpendicular to its axis: 
while carrying power has been defined as the greatest permis 
sible bearing pressure. 

A satisfactory definition of permissible bearing pressure de 
mands a definite understanding as to the type of failure we 
wish to avoid. If we wish to avoid failure by seizing, we must 
investigate thermal expansion; if we wish to avoid failure by 
overheating the lubricant, we must investigate the temperature 
rise; if to avoid creating tension in the lubricant, we must 
investigate the pressure distribution; if to avoid simple abra 
sion, we must investigate the minimum film thickness. The 
last type of failure is the only type we shall undertake to dis- 
cuss in this paper. 

If c denotes the radial clearance or mean difference in radii 
between journal and bearing, while x denotes the film thick- 
ness or thickness of the film of lubricant at the point of near- 


r 
est approach, the fraction ~ may be called the relative film 


thickness. In this paper, we shall make it a matter of defini- 
tion that all bearings are equally safe which are running with 
the same relative film thickness. Accordingly, carrying power 


may be defined as that bearing pressure which reduces the 


relative film thickness to some preseribed value ( ) 


The determination of the laws of lubrication symbolized by 
equations [5] and [6] therefore simmers down to the investi- 
gation of the effect of various conditions on F and z. 

Restrictions necessary to exclude unfamiliar phenomena. 
In order to narrow the problem down to as simple a one as 
possible we may impose the following restrictions: 

1 The bearing must be in a steady state. 

2 The lubricant must be homogeneous. 

3 The bearing must be running below the critical speed at 
which eddy motion would be set up in the lubricant. 

4 The effect, on the motion of the lubricant, of any other 
forces than hydrostatic pressure and shearing stress must 
be negligible. 

5 The metal surfaces must always be separated by a film of 
lubricant which is thick enough to have the same me- 
chanical properties it would have in bulk. 
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6 There must be no resultant couple acting on the bearing in 
the plane of its axis. 

Qualitative discussion of action of lubrication. It is now 
shown qualitatively that, under the foregoing restrictions, /° 
and x are completely determined by the following physical 
quantities : 

a The viseosity, u, of the lubricant. 

» The revolutions per unit time, n. 

e The load, L. 

d The degree of lubrication; which, in the case of stationary 
lubrication (i.e., the limiting case when no lubricant en- 
ters or leaves the bearing) may be specified by V, the 
volume of lubricant in the bearing; and which in the 
case of forced lubrication may be specified by the quan- 
tity, @, of the lubricant flowing through the bearing in 
unit time. Let S denote the relative dealin 

Die 

« The absolute size of the bearing, which may be given by 
the diameter of the journal, D. 

The line of action of the load, defined by some length ratio 
r such as the ratio or its distance from the middle point 
of the bearing, to the diameter. 

uy The shape of the bearing; specified by the relative clear- 


l 
ance ; , the relative length— and such other length 
) 


ratios r’, r’, ete., as may be needed to fix the shape of 
the oiling arrangements, deviation from cireular section 
due to wear, departure from cylindrical form due to 
strain, and all other geometrical irregularities. Let r 
denote all the ratios r’, r’, r’”’, ete. 

The conclusion that F and 2 depend only on uw n, L, V, 


D, r, may be symbolized by the equations 
ID 


—,u, n, L, V,Q, D’.»—+r}=0 11 
and 
12) 


Derivation of the general form of the laws of lubrication 
by dimensional reasoning. An application of Buckingham’s 
II-theorem to equations [11] and [12] throws them respec- 
tively into the forms 


3 
p Q DD 


os 2 D (21) 


f and p making their appearance in place of F and L by 
virtue of equations [1] and [2]. The functions ¢ and 6 
are of course unknown, and remain to be determined by ex- 
periment. 

Equations [20] and [21] correspond to equations [5] and 
[6] respectively, and contain the two laws of lubrication in 
their most general form. Now, any two bearings in which 


and 


r io the same value, and in which S also has the same 


value, may be called similarly lubricated. Hence [20] and 
[21] are equivalent respectively to the following statements : 

a In geometrically similar bearings which are similarly 
loaded and lubricated, the coefficient of friction depends only 


on the single variable = 
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b The carrying power of any bearing is directly propor- 
tional to the product of viscosity by revolutions per unit 
time, the constant of proportionality being the same for all 
geometrically similar bearings which are similarly loaded and 


lubricated and which are equally safe, i.e., ( ) constant. 


The writer made a series of experiments on journal frie- 
tion and carrying power several years ago, the results of 
which are entirely consistent with the above conclusions.’ 

Dynamically similar bearings. Any two geometrically 
similar bearings B and B’ which are similarly loaded and 
lubricated, and which are running at the corresponding 
speeds, pressures, and viscosities defined by the equation 


have the same coefficient of friction and the same relative 
film thickness. Such bearings may be termed dynamically 
similar. The power dissipated in either of them may be 
caleulated from a test made on the other, for 
& 
[31 
Moreover, 
[33] 
Po won’ 
Thus if the carrying power of one bearing has been found 
experimentally, that of the other ean be at once ealeulated. 

A general method for determining thermal effects. The 
principal effect of temperature, and the only effect we need 
analyze here, is to decrease the viscosity of the lubricant as 
the bearing heats up. Consequently both friction and earry- 
ing power increase with speed less rapidly, under working 
conditions, than they would at constant temperature. The 
general dynamical equations [20] and [21] are true regard- 
less of temperature, because they have been expressed in 
terms of the actual viscosity of the lubricant in the film at 
the moment in question; but it is desirable to go a step 
further. Equations like [20] and [21], which describe the 
behavior of a bearing when the viscosity is given, may be 
termed characteristic equations for that bearing. On the 
other hand, an equation deseribing the behavior of a bearing, 
not in terms of the instantaneous viscosity, but entirely in 
terms of known constants or controllable conditions like 
speed and load, may be termed a working equation for that 
bearing. Such an equation does not characterize the bear- 
ing in itself, but depends also on the nature of the lubricant 
and on the cooling system. A general method for determin- 
ing the working equations for the friction and carrying 
power of any bearing is now outlined. The method cor- 
sists in eliminating viscosity from the characteristic equa- 
tions by utilizing information about the lubricant and the 
cooling system. Five relations are available, namely those 
connecting the quantities 


Po and p 


and 
t and H 
H and f 
f and 


respectively. 

The first of these is the characteristic equation for carry- 
ing power, equation [21]. 

Any empirical equation for the viscosity of an oil in terms 


1For a brief account of the experiments, see Jour. Wash. Acad. Sci., v. IV 
p. 549, 1914. 
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of temperature must involve certain constants, which are 
different for different oils; if we denote all these by a, the 
second relation can be written 


p=F, a) 34] 
in which the function F’, is supposed to have been determined 
empirically. 


Likewise the heat carried away in unit time at any tem- 
perature ¢ may be expressed by some empirical equation 


H =F, (t, b) [35] 
in which b denotes all of the constants entering the fune- 
tion 

The fourth relation is obtained by equating J, the me- 
chanical equivalent of the heat carried off in unit time, to 
the power dissipated according to equation [4]. 

The fifth relation is the characeristic equation |20] for the 
coefficient of friction. 

Eliminating # and H from the five relations leads to the 
three general equations 


Din 
Po=F, (t,a).n.  ( ) [37] 
cfo Q 


Fy\(t,a).n 
F,(t,b)=. D?lnp.@ RI... 
J Pp Q 


(t,a) 
——) 
p 


e 
in which F# has been written for all the ratios S, —, a” and 
) 


[39] 


r. These three relations may be regarded as a formal state- 
ment of the proposed method for determining thermal effects. 
The functions 6 and ¢ are to be found by dynamical ex- 
periments; F, and F’, by thermal experiments. After they 
have been determined, we can deduce a working equation for 
the carrying power by eliminating t from [37] and [38]. 
Likewise, by eliminating t from [38] and [39], we can de- 
duce a working equation for the coefficient of friction. From 
[38] alone we get an equation for the permanent running 
temperature of the bearing. 

If any of the empirical functions 6, %, F,, or F, prove 
too complex to represent analytically, we can still accomplish 
the desired eliminations graphically. 

The relations [37], [38], and [39] are perfectly general 
and not limited to any particular type of bearing or to any 
particular lubricant or cooling system. 

Properties of the Ideal Bearing. The paper closes with 
a discussion of the ideal bearing—one which is perfectly cir- 
cular in cross section, completely filled with lubricant, ete. 
While intended primarily as an illustration of the foregoing 
relations, and not for actual use in design, the equations of 
the ideal bearing doubtless afford an approximation to the 
laws of actual bearings. The characteristic equations for 
the coefficient of friction and carrying power of a high 
speed bearing, or ideal bearing with approximately concen- 
tric journal, are respectively 


and 


in which the constant A is supposed to have been determined 
empirically. 
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The following are convenient approximations for the vis- 
cosity and cooling functions respectively : 


and 

H =F, (t. b) =h (t—t,) [48] 
Here 4, is the viscosity at the room temperature ¢,; 7 is the 
fictitious solidifying temperature; / the heat carried off in 
unit time per unit temperature elevation above room tem- 
perature, 

If in [37], [38], [39], we now substitute the expressions 
for %, 9, given respectively by [43], [44], [47] and 
[48], the following working equations result: 

(a) For the permanent running temperature : 


t=16 (totr) (to—t) VI tk [59] 


(,) 
() 


The quantity * may be termed the heating constant; the 


in which 


To 


k= 
h (t.—r) 


. 


greater it is, the hotter the bearing will run at any given 
speed. Evidently & may be determined from an observa- 
tion of the permanent running temperature at any one speed, 


for by solving [59) for k we see that 


2t-t,-—r\ 
—] 
k= 


(b) For the coeflicient of friction: 
c p 1+k n? 
(c) For the carrying power: 
2 
pon 163] 


The above results apply only to the high speed bearing, 
for it is only when the journal is concentric that [43] 1s 
valid. The complete paper, however, contains a correspond- 
ing treatment of the ideal bearing with eccentric journal. 
Sommerfeld’s work is made use of in this connection, and 
extended by an analysis of heating effects. 

The paper contains illustrative examples, worked out nu- 
merically, and accompanied by diagrams. 

It is apparent that the next step should be 
a minute examination of existing data, in the light of the 
foregoing principles. 


Conclusion. 


If it then appears that further ex- 
periments are needed, we may be guided as to the most eco- 
nomical way to plan them by reference to the general dynam- 
ical relations [20] and [21], and to the genera! thermal re- 
lations [37], [38], [39]. The dynamical relations serve to 
diminish the number of independent variables entering the 
characteristie equations. (Thus, the effect of varying all 
the factors y, p, n, D, Q, can now be attained by changing 
two alone, such as , and Q.) The thermal relations serve 
to diminish the number of combinations of conditions needed 
in determining working equations. It is a confusing task to 
map out the working equations of bearings under any great 
variety of cireumstances by direct experiment, but a rela- 
tively simple matter to determine the dynamical character- 
isties of a bearing (¢ and 6), and the thermal properties 
of a lubricant (F,), and of a cooling system (/',), by sepa- 
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rate sets of experiments. (Thus, in certain cases the fune- 
tion /, might be determined with a stationary dummy bear- 
ing. in Which the heat is generated, regulated, and accurately 
mensured electrically). It appears from this paper that it 
Will be permissible to conduct such experiments separately ; 
after which the results can readily enough be combined by 
the general thermal relations [37], [38], [39]. 

Finally, the conception of dynamically similar bearings 
may make it possible to evaluate some of the constants 
needed in design by the use of models—meaning of course 
by the model, any bearing whatever, found satisfactory in 
aetual service, and which meets the condition of being dynam- 


ally similar to the bearing about to be designed. 


DISCUSSION 


H. FL. Moore. The paper appeals to the writer as an ex- 
cellent example of the use of mathematical reasoning to 
facilitate and interpret experimental work. Cooperation 
between the mathematicians and experimenters is one of the 
most desirable technical achievements; many earefully 
made set of experiments has gone for naught because of lack 
ol analytical Interpretation of results, or of proper theoret- 
eal lay-out of the tests, and many careful mathematical an- 
alvses have been valueless because the fundamental con- 
stunts were wrongly assumed or not determined with suf- 
accuracy, 

The author's results on carrying power are qualitatively 
confirmed by the writer's experience. Experiments made by 
lim in 1903 with a bearing of babbitt metal on a steel jour- 
nal showed that the earrying power of the bearing before 
the film of oil broke down increased with some funetion of 
the speed, and so far as the tests went the bearing power 
was found to vary approximately with the square root of 
the speed. Later tests made at the University of Wisconsin 
on very earefully ground hardened steel journals rotating in 
bronze bearings showed a carrying power two or three times 
us grect as did the babbitt metal bearing with unhardened 
journal. It might be expeeted that surface finish of jour- 
nal and bearing would play a very important part in deter- 
mining the breaking strength of the oil film. 


W. Herscuer. The author's work is a notable step 
in bringing order out of the chaos of experiments on the fric- 
tion of journals. If it can be demonstrated that viscosity 
is the only property of the lubricant which influences the co- 
efheent of frietion and the maximum permissible load, lubri- 
cating problems will be greatly simplified. Thanks to Som- 
merteld, we no longer feel the necessity of considering “ ad- 
hesion ’ which was introduced into equations by the earlier 
investigators, but there is a widespread belief that lubricants 
vary in regard to “ oiliness,” “ lubricating value ” or “ body.” 


F. zcr Neppen contributed a written diseussion in which 
atter comparing the author's results with recent experiments 
carried out by Professor Guembel in Germany and described 
in the Monatsbliitter des Berliner Bezirks-Vereines Deutscher 
Ingenieure, May and June, 1914, he continued: 

When gradually reducing (at constant pressure p) the 
speed of any bearing the value of the coefficient of friction 
in the neighborhood of zero, after reaching a minimum, 
abruptly inereases to a high figure, because with very low 
speeds the liquid friction is giving way to semi-dry friction. 


The laws as set forth in the paper do not then hold good, 
The point where this change oecurs depends among others 
on the smoothness of the gliding surfaces. This considera- 
Toothed 
wheels when running in oil will show lesser friction losses 
if designed so that the flanks of the teeth glide on each other 
with a speed exceeding the upper limit of semi-dry friction. 


tion is by no means only of theoretical interest. 


The all-important question whether equations (11) and 
(12) are qualitatively complete should be further investi- 
gated in connection with a long series of very important 
tests which Professor Schlesinger has brought forth in con- 
tention of the idea that it is not correct to assume that the 
only factor that matters in a lubricant (besides its price) is 
its viscosity. 

The writer has come to the conclusion that two properties 
of the lubricant probably have something to do with the 
process of lubrication, both of which are not covered by the 
author’s formule. The first and less important one is the 
heat capacity of the oil itself, Le., its specific heat. The see- 
ond and very important one is the degree of amorphity. 
Lubrication depends entirely on the wedgelike action of the 
lubricant film. If the resistance of the lubricant against the 
mutual dislocation of its molecules is not absolutely the 
same regardless of the direction of the outer forces which 
tend to dislocate them, in other words, if the lubricant can 
no longer be regarded as a real amorphous liquid, then the 
application of Newton's law of viscosity will have to be 
moditied. 

Apart from optical reasons the change in the lubricating 
qualities of oils after some period of running would indi- 
cate that molecular forees are at work within lubricants 
which affect their action while not appreciably affecting 
their viscosity as measured by one of the ordinary vis- 
cometers. 

Several very important conclusions can be drawn by the 
practical engineer from the results in this paper. One of 
the stipulations which is to be found in almost every speci- 
fication for turbo-machinery is that the length of the bear- 
ings should at least equal three times the diameter. This 
rule of thumb probably is the outcome of practical experi- 
ence gained with bearings of the comparatively low speed 
machinery exclusively used before the advent of the steam 
turbine. From the paper it follows the carrying power is 
different at different speeds. 

The viscosity of the oil and the heat carrying capacity of 
the bearing are the essential standards which should be de- 
termined, but which are searcely ever mentioned in any 
specification. 

Of these two factors one depends on the buyer who sup- 
plies the lubricant for the machine he buys. Only the second 
factor, the heat carrying capacity, depends on the make. It 
is highly gratifying that the author shows a way to deter- 
mine this quality of a bearing in a manner which will per- 
mit of standardization. 

Until definite standards are developed, it would appear the 
safest way for a buyer to ask the maker for a guarantee of 
the temperature of the bearing, or rather of the maximum 
difference between room temperature and bearing tempera- 
ture, provided such and such an oil is used. 

In conclusion the writer considers the engineers of this 
country owe a very great debt of gratitude to the author 
for this valuable paper, and expresses the hope that his 
endeavors to map out the proper and most direct course for 
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the establishment of a rational basis for bearing design will 
be rewarded by a corresponding organization of the neces- 
sary experiments. If all individuals and laboratories, espe- 
cially those of the Universities, who at present contemplate 
experimenting on the problem of lubrication of bearings 
could come together and assign among each other in a sys- 
tematic and efficient manner the treatment of the various sub- 
problems as indicated by the present paper—then progress 
in the knowledge of bearing construction should be quick 
and radieal. 


THe Autor. In discussing the value of coéperating with 
mathematicians, Professor Moore evidently refers to mathe- 
matics in the customary sense in which the term is stretched 
to inelude physies as well, but the writer would urge that 
we break this custom, and always distinguish physical rea- 
soning from mathematical reasoning. The distinction may 
seem hair-splitting at times, and yet we all know what havoc 
has been wrought in the field of elasticity, for example, by 
elaborating mathematically relations physically unwarranted. 
Aside from the [I-theorem, which owes its value solely to its 
capacity for summing up physical facts, there is no mathe- 
matics at all in the important part of my paper, namely, the 
first twenty-five pages. What looks to be mathematics is 
merely symbolism—shorthand. The conclusion that a bear- 
ing can support a heavier load the faster it runs, follows 
from the physical facts about viscosity; and the general 
method for grinding out working equations is merely a con- 
densed statement of a group of facts about heating and 
cooling, familiar enough to physicists, but which the clever- 
est mathematician alive might not have heard of. 

Professor Moore’s own formula, the square root law of 
carrying power, has been unwarrantably extended by others, 
and applied to circumstances physically different from those 
under which it was established. Nevertheless, the historical 
significance of his experiments of 1903 can hardly be over- 
estimated. They were the first experiments aiming toward a 
direct determination of carrying power. 

While experimenting with bearings in 1909 at the Massa- 
chusetts Institute of Technology it occurred to the writer 
to see whether this square root law or any similar relation 
held under more nearly practical conditions; that is, with a 
whole bearing instead of a half bearing, and at higher 
speeds. It turned out that under these circumstances com- 
plete film rupture never took place, but that the load produc- 
ing some specified electrical resistance other than zero did in- 
crease with speeed. 

As noted by Professor Moore it is to be expected that 
(except at high speeds), bearings with differently finished 
surfaces will behave differently; they cannot be considered 
geometrically similar unless they are either sensibly smooth 
or similarly rough—not equally rough, but twice as rough 
if twice as big. 

Mr. Herschel alludes to the widespread belief that oils of 
the same viscosity may still differ in lubricating value. This 
belief is doubtless correct as regards bearings running at 


low enough values of — 


It would not be proper to comment in detail on Professor 
Guembel’s work until Mr. zur Nedden’s own discussion is 
printed in full. One fact may, however, be recorded for the 
interest of those who consult that reference in the mean- 
time: If the curves on which Professor Guembel’s final equa- 
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tions are based be fitted at three points instead of two, a 
more general type of equation results, which reduces to 


un 

Guembel’s at low values of —— 
p 

It is true that the present paper is inadequate to cope 

with semi-dry friction, and it is likely that Professor Schles- 


and to Sommerfeld’s at high. 


inger’s experiments, dealing as they do with the aggregate 
friction losses of the engine lathe, are largely concerned with 
semi-dry friction. 

The specific heat of the oil has to be regarded as one of 
the b’s of equation [35] for heat carried off. 

The writer does not believe there is, as yet, 
considering the effect of incomplete amorphity. 

Mr. zur Nedden’s suggestions are exceedingly interesting, 
and must certainly be taken account of in the subsequent de- 
But, 
much at sea that it is well to follow the rule of navigation 
and keep to deep water, in doing which our six fundamental 
restrictions will serve as the 
charting out of the shoals has, to be sure, been postponed. 


any need for 


velopment of the subject. for the moment, we are so 


channel buoys. Any exact 


INFLUENCE OF DISK FRICTION ON 
TURBINE PUMP DESIGN 
BY F. ZUR NEDDEN, NEW YORK, N. Y. 
Member of the Society 


INTRODUCTION 


The losses 
due to the rotation of impellers in the water surround- 
ing them amount t oone-quarter to one-third of the total of 
the losses occurring in a high-lift turbine pump. It is aston- 
ishing that publications on the nature and magnitude of these 
losses are more searce.’**»* There is very little reliable in- 
formation on the question and that little is not ararnged as 
designers would like to hav it for us in commercial practice. 
In the present paper, the results gained by Prof. A. H. 
Gibson‘ are mainly employed in an effort: 


DISK revolving in water acts as a brake. 


a To find what means are at the disposal of the designer of 
turbine pumps for minimizing the losses due to disk 
friction. 

b To furnish reliable data and diagrams from which to 
estimate the influence of disk friction on the efficiency 
of a turbine pump. 

ce To draw attention to the bearing which disk friction of 
the impellers has on the axial thrust of turbine pumps. 


NOTATION 
xa andxs= coefficients of friction between surfaces A 
and B respectively on one hand and the 
fluid surrounding the disk on the other 
hand. 
Waste-water = fluid surrounding the disk. 
f = Gibson’s coefficient of disk friction. 
yt = abs. velocity of waste-water in ft-see. at the 
distance r from the axis. 


1“ Experiments on the Friction of Disks Rotated is, Fluid.” Min- 
utes Proc. Inst. Civ. Eng., London, vol. Ixxx, p. 221 

2? Bulletin No. 2, Univ. ‘of Cal., Berkeley, Cal., isst, 

Wirkungsweise der Kreiselpumpen ; Mitteilungen ueber For- 
schungsarbeiten, Verein Deutscher Ingenieure, Heft 42. Berlin, 1907. 

‘Min. Proc. Inst. Civil Eng., London, vol. clxxix, 1910, part i. 


Presented at the Spring Meeting of the Society, June, 1915. 


Complete paper may be obtained without discussion; 20 cents to 
members; 40 cents to non-members. 
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vp = absolute velocity in ft-sec. of a point situated 
on the surface of the disk at a distance of 
¢ from the axis. 

pa = abs. velocity in ft-sec. of adjacent particle of 
waste-water. 

ups = abs. velocity in tt-sec. of waste-water par- 
ticles adjacent to casing at distance ¢ from 
axis. 

O,= area in sq. ft. of that part of the impeller 
surface which is marked by fat contour in 
upper half of Fig. 1. 

Oy = area in sq. ft. of surface of casing as marked 
by fat contour in upper half of Fig. 1. 

/’ = dragging foree in pounds of impeller, ie.. 
force exerted by impeller on waste-water 
which it causes to rotate. 

() = retarding force, in pounds, of casing, resist- 
ing effects of P. 

: = angular velocity per sec. of waste-water. 


Fic. 1 


Key To NoraTion 


w = angular velocity per sec. of impeller. 
J,= polar moment of inertia in ft‘, of surface 
Oa with respect to axis of rotation. 
J»= the same of surface Ox» 
R, and R, = distance, in feet, of P’s or Q’s place of ap- 
plication respectively from axis of rotation. 
energy of disk friction in ft-lb. 
= gyrostatic head in ft. 
= static head generated by impeller proper in ft. 
D, = diameter of slip ring clearance in ft. 
D). and R, = diameter and radius respectively of impeller 
in ft. 
P, = total gyrostatic force in lb., see equation [9]. 
P, = total axial force exerted by gyrostatic plus 
statie pressure on the impeller in lb., see 
equation [10]. 
N, = number of revolutions of waste-water per min. 
N = number of revolutions of pump per min. 
Atter pointing out the conditions when and where the disk 
friction may be expected to be the smallest possible, the 
author makes the following deductions: 
a In order to reduce the loss through disk firetion as much 
as possible, the coefficients of friction ,, and x» should 


I 


= 
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be made as small as possible; i.e., both the casing and 
the runner should be machined or polished as smoothly 
as possible. 

»b If a smoothly finished impeller revolves within a rough 
easing of a lateral width not exceeding about 5 per cent 
of the diameter of the impeller, the result is the same 
as if a rough impeller revolves within a smooth casing. 

« The surface of the impeller and of the stationary parts of 
chamber C (Fig. 1) should be made as small as possible. 

d The effect ‘of an extended and complicated surface is 
equally bad whether this surface be the stationary wall 
of chamber ( or the rotating surface of the impeller. 

The outward indication of the attainment of a minimum 
of loss through dish friction is the fact that the waste-water 
rotates just half as quickly as the impeller. 


THE GYROSTATIC PRESSURE 


The pressure due to the rotation of the waste-water is the 


source of important axial forces. At a distance of r ft. from 


‘ 


Fic. 2. Gyrostatic PARABOLA 
the axis of rotation and an angular velocity of wT per sec. 
this pressure in feet of fluid is 

oT r oT 
h, = = 
29 “4 
where vt stands for the absolute tangential velocity of the 
waste-water in ft-sec. and g = 32.16 ft-see. 

When plotting these pressures as abscisse over the re- 
spective radii as ordinates, the parabola A B C, Fig. 2, is 
obtained. The pressure h, is directed towards the cirewia- 
ference. 

In turbine pumps the problem is to find the influence of 
the gyrostatic pressure upon annular surfaces, say, e.g., that 
part of the impeller which lies between slip ring a and its 
periphery (Fig. 3). 

The gyrostatic force in pounds azrially exerted by the rotat- 
ing waste-water upon an annular surface is shown in this sec- 
tion to be 

4 
9) 
1000 
where 

Nt = rotative speed of waste-water in r.p.m. 

D, and D, = the outer and the inner diameter, respec- 

tively, of the surface in ft. 
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and the total axial force in a pump which generates static 
pressure. 


100,000 +h [10] 
where 
), and ), = outer and inner diameter, respectively, of 


annular face, in ft. 

h, = static head existing at circumference of impeller, 
in ft. 

Vr = rotative speed of waste-water in r.p.m. 

P, = gyrostatic force (see equation [9]). 

The paper here surveys the experiments of Unwin and 
Gibson, considering the limitations of their formulae and 
also that of Biel for the theoretical loss through disk friction. 
It then develops the following expression : 
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the influence of the diameter and that of the axial extent of 
an inpeller on the friction loss. 


INFLUENCE OF ROUGHNESS OF DISK AND CASING 


Figs. 5 a, b and ¢ represent graphically the average varia- 
tions of f and » in funetion of v, as established by Gibson 
and Ryan for various degrees of roughness. Their results 
were compiled with those established by Professor Unwin’s 
experiments and found to harmonize with them to a. satis- 
factory degree. As set forth in Figs. 5 a, b and ¢ the values 
of f and nx furnish, within the range of speeds at which tur- 
bine pumps are run, figures for the losses (equations | 12} 
and [14]) which always come within 5 per cent of the actual 
test results. 

The second deduction at which the author arrived by a 
mathematical survey in this paper, viz.: “If a smoothly 
finished impeller revolves within a rough casing, the result 
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where 
h.p.f = loss due to friction on both faces of disk, without 
considering axial thickness, in h.p. 
f = coefficient of friction, see Fig. 5, a, b and ec. 
= exponent of friction, see Fig. 5, a, b and e. 
V=r.p.m. of disk. 
° = largest diameter of disk. 
This formula does not take into account the axial extension 
of the disk and so the author develops a corrective factor for 
use of designers, viz.: 


b 
h.p.fo = h.p.f' > (m+ 3) 


That is, in order to find the total loss due to friction both of 
the circumferential and the lateral faces of a disk, the value 
of h.p.f' obtained for the latter (equation [12]) should be 
multiplied by 


b 


where ) is the total axial thickness of the disk, expressed in 
the same measure as D., 

In this way the designer can always, by a simple factor to 
be worked out mentally, consider separately and keep apart 


TEMPERATURE OF WasTE-WATER 


is the same as if a rough impeller revolves within a smooth 
” 


casing,” is well corroborated by these curves. 

The effect of metal polish and of varnish is amost exactly 
the same. This result should, however, not encourage manu- 
facturers to restort to varnishing rather than machining the 
surfaces. Varnishing or japanning appears only at first 
sight to be the cheaper process. As a matter cf fact, two 
coats of varnish require rather a long time to dry thoroughly. 
If the varnish or lacquer is not applied very carefully and 
dried well, or if the fluid to be pumped is not absoiutely 
clean, the varnish will peel off. The surface then acts worse 
than even a rough casting. Polished surfaces, on the other 
hand, will often lose much of their original finish by the 
sediments of the water in the pump. It is, therefore, of no 
great use to expend much time and wages on a high, shining 
exterior finish of the impellers. It is sufficient to turn the 
faces off with a medium heavy cut, especially as the turning 
ruts are running concentric, i.e., in the direction of the flow 
of the waste-water. 

Much saving can be effected if designers and shops codper- 
ate in producing the smoothest possible castings to surround 
the waste-water chamber. This chamber should offer a mini- 
mum of surface and be free of any ribs, protrusions or re- 
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cesses Which not only increase the surface and impede the 
rotation of the waste-water, but also frequently give rise to 
rough castings. If the designer gives the walls of the cham- 
ber a shape of utmost simplicity, the foundry will be able to 
produce faultless, smooth eastings without extra cost. 

Considerable though the differences due to various de- 
grees of ordinary roughness in new pumps may at first seem, 
still it is only with typical ligh lift pumps that they appre- 
clably affect the eflicieney of the pump. This is especially 
true where the duty is small in comparison with the head 
per stage. 


The paper here gives an example to illustrate this thesis. 
INFLUENCE OF VISCOSITY, TEMPERATURE AND SPECIFIC 
GRAVITY OF FLUID ON DISK FRICTION 
Inasmuch as oil, gasoline, hot water, ete., are today pumped 


by turbine pumps, the consideration of these influences gains 


(65 deg. far.) is eventually used, say, as a boiler feed pump 
and deals with water 200 deg. fabr. 

Of course, in a pump all the other causes inherent to the 
change of temperature are at work at the same time. For 
instance the loss of head owing to hydraulic friction in the 
fi ed and rotative channels of the pump is likewise diminish- 
ing. On the other hand, the leakage loss must increase as 
the fluid becomes less viscous. The balance of all influences 
tends slightly to improve the efficiency of a boiler feed pump 
in actual service as compared with the figures obtained when 
testing it with cold water. The paper gives two examples 
illustrating the influence of heavy oil and tarry liquid on 
the disk friction in a turbine pump. 


INFLUENCE OF DIAMETER AND SPEED 


Formula [12] with » = 1.8 to 2, reveals at once the tre- 
mendous role the diameter plays. The influence of the rotary 
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a. Polished Brass Disk. 


b.Paintedand Varnished 
Cast-lron Disk. 


c. Rough Cast-lron Disk. 


Fic. 5 DitaGrams or Disk Friction ON PoLisHep, PAINTED AND RovuGu SURFACES 


in importance, The author has found it possible to srswer 
the question of their respective magnitudes by a simple ap- 
plication of the theory of dimensions. 

By considering the dimensions upon which the magnitude 
of the resistance depends, the expression 


8 
where u = absolute coeflicient of viscosity. 
w = specific gravity. 
s = lateral width of casing. 
is deduced. It is easily seen that this is substantially identi- 
eal with formula [12]. 

Fig. 4 represents the variation of h.p.f with the tempera- 
ture of the water. This curve may be utilized for estimating 
the improvement in power consumption which may be ex- 
pected when a pump which has been tested with cold water 


speed N is of relatively minor importance, though it is in 
proportion to about the third power of the number of revo- 
lutions. 

As the duty of a turbine pump is in proportion to the 
speed, and the head in proportion to its square, the usetul 
output is increased in proportion to the third power of the 
speed. It will be seen, therefore, that the loss through disk 
friction must form a constant percentage of the normal use- 
ful output, (water-h.p.), of a given pump irrespective of 
speed. 

High heads per stage are more economically produced by 
applying high speed than by using a large diameter of the 
impeller, This economic tendency for the high-speed pump 
is fostered by a number of other incidental advantages, e.g., 
alternating current electrie drive, direct steam turbine drive, 
small unit costs, small weight, reduction in tensile stress on 
casing, compactness, ease in transport and repairs, ete. 
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It might not be out of place to point out that the angle 
between the impeller blades and the tangent at the periphery 
has an important bearing on the loss through disk friction. 
If this angle is made 20 deg. the diameter must, from hy- 
draulie reasons, be larger by 10 to 25 per cent, than if the 
angle were 45 deg. This implies for the flatter angle an 
increase in disk friction of at least 60 to more than 150 per 
cent in some cases. As the disk friction loss expressed in 
percentage of the useful work amounts seldom to less than 5 
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and often to more than 10 per cent in high lift pumps, it 
is evident that the mere changing of the vane angle from 20 
to 45 deg. implies a profit of from 3 to 8 per cent and even 
more in the efficiency of such pumps. The reason why many 
designers like to choose flat angles of about 20 deg. is that 
the water then leaves the runner at a relatively high static 
pressure and low speed, ie., that little or no attention need 
be paid to the balance of the kinetic energy. Diffusors or 
guide wheels may be dispensed with, and eddies due to an 
improperly simplified design of the easing cannot do much 
harm. Still, competition in regard to efficiency between vari- 
ous makes and the urgent demand of the salesmen to reduce 
the motor power in order to minimize the cost of the unit to 
the consumer gradually foree the manufacturer and de- 
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signer to abandon their preference for flat angles and to 
utilize the advantage that results from the consequent re- 
duction in diameter and disk friction. 

In order to enable designers and manufacturers to esti- 
mate the loss due to disk friction without resorting to for- 
mula [12] which is rather unwieldy for practical use, the 
author plotted the diagram Fig. 6, which should be selt- 
explanatory. In basing the chart on the highest values found 
by Gibson and adding 15 per cent for friction of mm (sup- 
posed to be 3 per cent of D, thick) the author felt he should 
come nearest to conditions as they obtain in practice. 

The author here gives some examples serving to illustrate 
the value and the mode of using this figure: the following 
example is a typical one: 

Suppose 250 gal. per min. were to be pressed against a 
total head of 600 ft. and the speed of about 1800 r.p.m. had 
to be adhered to, say on aecount of 60 eycle a.c. current 


What number of stages should be chosen? 


motor drive. 

As 200 ft. per stage is too much for that capacity, either 
a 4-stage, a 5-stage or a 6-stage pump must be employed. 
By using Fig. 6 the following table (Table 1) can be com- 
piled without difficulty: 


TABLE I 


INFLUENCE OF NUMBER OF STAGES ON PERCENTAGE VALUES OF LOSS 


THROUGH DISK FRICTION 


Q =250 gal. per min. Loss through disk friction 


Head per Water h. p. 
V =1800 r.p.m. stage in ft. | per stage In h. p. In percentage 
per stage of water h.p. 
{-stage pump... 150 9.5 1.62 17 
5-stage pump... 120 7.6 0.98 12.9 
6-stage pump... 100 6.3 0. 66 10.5 


If the 4-stage and the 6-stage pump were designed equally 
well, the 6-stage pump would have an inherent advantage, 
due solely to the number of stages, of about 6.5 per cent of 
the water-horse power, or about 4 per cent in efliciency. 
The first cost would be increased in proportion to the number 
of stages, and it would be a question of the cost of energy 
to the consumer whether the 4 per cent advantage in effi- 
ciency would outweigh the excess in price of the 6-stage 
pump over that of the 4-stage pump. 

Looking at the question from the manufacturer’s point of 
view, it might be possible, by abandoning certain niceties in 
design, for instance, the expensive guide vanes, t» turn out 
a 6-stage pump actually as cheaply as the more elaborate 4- 
stage pump. If more than 4 per cent of efficiency was not 
sacrificed by that simplification the 6-stage pump would be as 
advantageous as the 4-stage pump—leaving out the question 
of number of spare parts, dimensions and weight. 

One more point comes in for consideration: an impeller 
designed for 250 gal. only and required to pump against a 
150-ft. head per stage would have to be large in diameter. 
As the duty is comparatively small, the passages at its cir- 
cumference become rather narrow—too narrow perhaps for 
the cores to be properly fixed in the mould, or the passages 
to be well filed out in the shops. For this reason alone the 
head per stage is limited. The admissible minimum number 
in the present instance is probably 5-stage. The competi- 
tion then stands between the 5-stage and the 6-stage pump. 
It is evident that it will be a difficult decision whether the 
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slight inerease in efficiency due to the one stage more will 
warrant the extra cost of that stage. Leaving out the pos- 
sible advantages in manufacturing costs which might result 
from a greater output, a skilful designer may be quite able 
to surpass the efficiency of a competitive 6-stage pump with 
a 5-stage pump of like or even lesser cost per stage, though 
the former has a natural advantage of 2.5 per cent less in 
disk friction. 

At any rate the question will be of such nicety as to make 
it impossible for the buyer, judging merely from the number 
of stages, to have a sufficient insight into the merits of a 
pump. Specifications, therefore, should not fix the number 
of stages, but leave this point to the discretion of the manu- 


facturer. 
INFLUENCE OF LATERAL DISTANCE BETWEEN CASING AND DISK 


Fig. 7 represents a diagrammatic compilation of the re- 
sults whieh Gibson and Ryan obtained when varying the 
lateral distance, s, with those found by Wagner when rotating 
a disk in practically an unlimited basin (s = ©) and by Dr. 
Becker when rotating a polished piston within a very narrow 
polished easing. 

From the diagram it is clear that the loss due to disk 
friction has, in general, a rising tendency with increasing 
width, s, of the waste-water chamber. 

Nothing can illustrate better than this diagram the neces- 
sity of using every caution in deriving conclusions from 
any mathematical survey of hydrodynamic problems. 

The designer will draw two conclusions from Fig. 7. First, 
there is in general a tendency for the disk losses to rise when 
the width of the waste-water chamber is increased. 

Second, concentric cireular protrusions or ribs are not 
objectionable and might even be of advantage by breaking 
the secondary currents; while radial ribs must increase the 
disk losses because they favor the generation of induced eur- 
rents and additional losses caused thereby. 


INFLUENCE OF LATERAL DISTANCE AND ROUGHNESS UPON THE 
AXIAL THRUST 


Professor Gibson, when investigating the effects of radial 
vanes attached to the impeller, measured the pressures gener- 
ated by them. Incidentally he made a few readings from 
the gage attached for that purpose at the casing (which 
had an internal diameter of 13 in.) while rotating smooth 
disks. The author found that these accidental by-products 
of Gibson’s tests are of the utmost importance for explaining 
and, therefore, mastering some components of the axial thrust 
which for a long time remained inexplicable to him and to 
many others. 

In Fig. 8 the lower three curves (curves of h,) are plot- 
ted from Gibson’s results. They represent the pressure dif- 
ference due to the rotation of the waste-water between the 
center and points at a radial distance of 61% in. from it. 

From these readings it is possible to work out the rotary 
speeds of the waste-fluid, V ’ , which, for the particular value 
of v = 0.541 ft. obtaining in Gibson’s apparatus, is 


Nr= 215 
By far the most important consequences follow from Fig. 
8 when used to estimate what axial pressures will result if 
the roughness of disk or casing, or their distance from each 
other, differ on the two sides of the impeller. 
Equation [10] furnishes the total axial foree resulting 
from the codperation of the statie pressure h, generated by 


the impeller vanes at the circumference, and the gyrostatic 
pressure h,. If the rotary speed of the waste-water Ny is 
different on the two sides of the same impeller an axial 
thrust results. This thrust is most striking with so-called 
balanced impellers, i.e., either double inlet runners, or run- 
ners having a slip ring on the back and borings leading 
from the inlet chamber through the eve into the chamber 
thus formed on the back (see Fig. 9). It shall be supposed 
that the static pressure generated by the impeller vanes is 
identical on both sides of the impeller. (This does not 
exactly hold true for single-inlet impellers for reasons which 
have no bearing upon the problem treated in this paper.) 
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When making the above assumption h, (see equation [1]) 
is eliminated when subtracting the total axial force on one 
side from that on the other, and the effect of the gyrostatic 
phenomenon can be treated independently of any other causes 
which might affect axial thrust. 

After subtracting the two values which equation [10] as- 
sumes for two different rotary speeds of the waste-water 
bodies on both sides of the impeller, the following equation 
results : 

4.2549 
100000 

Introducing the values for P, and P,’ which result from 
equation [9] this final expression is obtained for the differ- 
ential axial force: 


P.-. = P,— P,’— (D?— DZ) D3(Nr — 
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Nr’ — Nr” —— impellers 1 ft. in diameter and the lateral width of the 
= Ply = - 1000 [2.08 (D, Dy)D, waste-water chambers o-in. on one and 14-in. on the 
—(D.—D,‘)] (25, ] other side of each impeller. Mention is made that further 
where investigation of the details of the curves in Fig. 8 would 


Nand N,’ = r.p.m. of waste-water bodies on two sides 
of impeller. 

PD, = outer diameter of impeller in ft. 

= diameter of clearance of slip-rings in ft. 

P, =a ial thrust resulting from difference between N 


~ 
~ 


and N,,’, in Ib. 
P.’ depends on the fourth power of the diameter. No appre- 
ciable inaceuraey is caused by disregarding the central part 
of the impeller. 
Fig. 9 shows the direction of the resulting thrust /P,. 
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The difference in pressure between axis and periphery is 
greatest where the waste-water rotates quickest (Fig. 9; 
right hand side—owing to small distance s). The static 
pressure /, is the same on both sides. On the side where 
the waste-water rotates faster the gyrostatic pressure cuts 
out a greater parabolic area than at the other side. There- 
fore the total weight of pressure is smaller on the side 
where the waste-water rotates faster. Perhaps the following 
rule is easier to keep in mind: “ The impeller is drawn to the 
side where the waste-water rotates fastest.” 


Two more examples, intentionally chosen to emphasize the 
necessity of the designer’s attention to gyrostatie axial thrust, 
are here worked out in the paper. They show that an axial 
thrust of 440 Ib. can be easily accounted for by the gyro- 
static pressure differences forming in a 4-stage pump with 


03 
6 4 | Pressure hy 


be very desirable. 

The gvrostatic axial forces, though important, do not con- 
stitute the only hidden cause of axial thrust. There are 
other variable components of the axial forees due, for in- 
stance, to the flow of the leakage water, or to the difference 
in pressure within the cells of the impeller, ete. Designers 
may never hope to obtain perfect balance under more than 
one particular condition or independent of wear and tear. 
They must always rely upon some strong hydraulic balanc- 
ing mechanism or thrust bearing. The value of the above 
formulw, therefore, lies principally in the possibility to fore- 
see, by their aid, any danger that the axial thrust of the 
pump may act in the direction opposite or in addition to 
that for which the balancing device or thrust bearing is de- 
signed. It is known what strong axial forces can be exerted 


Static Pressure h,------ 


results which Professor Hesse derived from investigating 
hydraulic footsteps offer some valuable data to the designer, 
as does the paper of Gibson and Ryan. Not so well known, 
but no less remarkable is the effect of radial vanes in the 
fi ed walls of the waste-water chamber. From tie mathe- 
matical survey in Section If it is evident that tueir effect 
must about equal that of rotary vanes. The author knows 
of the experiences of a well-known pump manufacturer who 
had provided radial ribs in one, but not in the other waste- 
water chamber of a perfectly symmetrical double inlet im- 
peller. The strong axial thrust which resulted was reduced 
to almost nil after the pockets between the ribs were covered 
by means of sheet iron, and incidentally the efficiency was 
considerably increased. 

In case a designer should find it diffieult for general con- 
structive reasons, to shape both waste-water chambers exactly 
alike, he will, on the basis of the information contained in 
this paper, be able to counterbalance the effect of any differ- 
ences in roughness and shape. It is scarcely necessary for 
the author to elaborate on this question which must be solved 
in a different way in each individual case. 
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DISCUSSION 

Grorce pe Lavat. The author draws the conclusion 
that effect of roughness of surfaces on impellers and inter- 
nal parts does not to an appreciable degree affect the effi- 
cieney of the pumps. In late reesarches by the National 
Physical Laboratory in England, it has been shown that the 
change from lamellar motion of liquid to eddying motion 
takes place suddenly at a definite value of the eritieal veloc- 
ity and whieh is directly proportional to the kinematical 
viscosity of fluid. The conclusions by Lord Rayleigh in- 
dicate that, by the principle of dynamical similarity, the re- 
lation of bodies immersed in fluids moving relatively to them 
is a general law of resistance of bodies and depends on the 
velocity, density and kinematical viscosity of the fluid ex- 
pressed by the formula 
(ud ) 

8 
Where d section or diameter of easing or pipe 
His resistance per unit area 
S = specifie gravity 


} wid 
a tunction of the one variable 


¢ = density of water 
r= mean velocity of water 
Viscosity 

The intormation given by the author is exceedingly inter- 
esting, particularly in the light thrown on fluids affected by 
Viscosity, temperature and specifie gravity. There is no 
doubt that little is known of this, not only on movement 
through pipes but also in chambers of centrifugal pumps. 
It is, no doubt, difficult to obtain a practical formula for 
use in dealing with very viscous liquids, nor can one esti- 
inate even approximately what can be expected in the way 
of power, speed and capacity. 

The writer has found that results obtained are at con- 
siderable variance with what has been expected from mathe- 
matical conclusions based on existing laws of water. — It 
would be most helpful if a commission were appointed to 
conduct a series of experiments to determine frictional re- 
sistances of oil and heavy viscous liquids in pipes, centrifu- 
gal pumps and reciprocating pumps and so finally establish 
a practical formula which could be relied upon. The oil in- 
dustry is so great and important that more research infor- 
mation should be made available to the engineering profes- 
sion than is now. Today we have not even a standard vis- 
cometer which is satisfactory; nor is a final method settled 
upon as to basis of figuring results and comparing with 
water. 

The guaranteed performance of a centrifugal pump for 
oil is always based on clear water, the friction of oil in pipes 
and pump being assumed on this basis. The final results in 
pumping oil with a specifie gravity of 0.87 show an increase 
of power of about 20 per cent and a reduction in head of 
about 20 per cent. The internal disk friction of impellers 
on account of viscosity of the oil causes the efficieney to drop 
25 per cent. Theoretically the pumping head, whether oil 
or water, should be the same, but owing to the viscosity of 
the liquid there is considerable heat generated by the im- 
pellers in the pump chamber and the friction loss of the 
liquid increases, due to the viscosity in impeller passages, 
so that the head produced is about 20 per cent less than 
with water. It is, therefore, necessary that experiments are 


resorted to as a considerable number of errors will creep in 
and give misleading results. 

The author claims that he answers these important ques- 
tions by theory without resorting to experiments. ‘To the 
writer this appears a rather dangerous proceeding as to in- 
fluence of viscosity, temperature and specifie gravity of 
fluids on disk friction. Theories should be proved out by 
experiments. The work wasted in impeller friction, which is 
a wasted power due to skin friction, is the most serious loss 
and can be obviated by having the impeller revolve in at- 
mospherie air, sealing the edges of outer circumference of 
impellers at each side of the rim and also at hub; this would 
go a long way towards increasing over-all eflicieney and re- 
duce the power. Any leakages at these points can be auto- 
matically taken care of, allowing this water to go back to its 
original source, the amount of which would be very small. 

Impellers could be made also to operate in air pressure be- 
tween impeller and casings. Both these methods would re- 
duce the skin frietion, gyrostatie and axial losses. Credit is 
due the author for bringing these subjects before us and his 
studies of the subjects give us considerable information on 
these important losses, about which there is very meager and 
incomplete information. 


M. D. Hersry. In order to be able to state that an equation 
is wrong because it is not dimensionally homogeneous, it is 
necessary that all the physical quantities which govern that 
fact must be included in the question of the equation; henee, 
while the noteworthy use which the author has made of this 
eriterion, both in refuting Rossiter’s equation and in de- 
veloping his own results, is entirely legitimate, it is to be re- 
membered that, in other eases likely to arise in hydraulies, 
if some physical quantity, such as gravity, has been sup- 
pressed, an equation not dimensionally homogeneous may stil! 


be correct. 


Tne Autnuor. When the surface of an impeller is covered 
with sediments equalling the structure of fine sand, the fric- 
tion loss may increase to three times its value with polished 
surtaces, or twice that prevailing when the disk consists of 
a smooth casting. However, such degree of roughness may 
safely be termed abnormal in turbine pumps, and the loss 
caused by an ordinary smooth impeller in most pumps is 
not so much greater than that caused by a polished disk that 
it pays to polish the impeller faces, especially as they soon 
lose their polish when running. 

As to the influence of eddying and lamellar motion, it 
should be emphasized that unless the speeds of the pumped 
fluid are high enough to insure eddying motion throughout, 
the ordinary centrifugal pump is not fit to pump. The pa- 
pers presented by Messrs. Buckingham and Hersey at this 
meeting deal more closely with the problems touched by Mr. 
de Laval. 

The suggestion to entrust a special commission in this 
country with the experimental work on viscosity is an ex- 
cellent one. The author intends to direct the attention of 
the U. S. Bureau of Standards to the advisability of estab- 
lishing more firmly the standards and laws of viscosity. He 
would be glad indeed to have Mr. de Laval coéperate in 
this motion. 

Mr. de Laval very aptly draws attention to the effect 
which the heat developed by impeller friction must have on 
viscosity. The author, however, has not committed the mis- 
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take imputed to him—that of resorting to theoretical rather 
than experimental solution of the question of the influence 
of viscosity, temperature, and specific gravity of the fluid. 
As a matter of fact, he resorted to dimensional reasoning in 
this instance only after very carefully investigating all avail- 
able experimental evidence. 

After the paper was written, the author applied formula 
[23] to some other tests carried out with syrup of known 
viscosity, gravity and temperature, and found that the cal- 
culation tallied very well indeed with experiment. ‘The fig- 
ures are at Mr. de Laval’s disposal. 

Unfortunately the figures quoted by Mr. de Laval are not 
conclusive, as he does not state the value of the coefficient of 
viscosity of the oil which he pumped. This, by the way, is 
a figure which pump-makers are almost never able to obtain 
from customers, but without which they are entirely unable 
to predict results. 

The idea of trying to rotate the impeller in air instead of 
water is not new. The author has himself given it a con- 
siderable amount of thought which he condensed in his 
application for German patent, No. N. 11099. There also 
are some French and American patents covering similar 
efforts. The practical difficulties which stand in the way of 
this idea, however, are very great indeed. How, for instance, 
is it to be avoided that the impeller should suck air from 
the lateral chambers? 

At present those high lift impeller designs which tend to 
diminish the diameter of the impeller, i.e., to diminish the 
impeller coefficient, deserve more attention. The reduction 
in disk friction loss is about five times the percentie reduc- 
tion of this coefficient. 

The point raised by Mr. Hersey will be treated in my dis- 
eussion of this gentleman’s paper. 


A BASIS FOR RATIONAL DESIGN OF 
HEAT TRANSFER APPARATUS 


E. E. WILSON, NEW YORK 
Non-Member' 


A N examination of the literature on the subject of heat 

transfer shows such a wide variation in the coefficients 
established that it is difficult to make a choice for use in prac- 
tice. The fact that the results of careful experimenters do 
not agree leads to the conclusion that some variable or vari- 
ables have been neglected, and the fact that the rate of heat 
transfer in feed water heaters is consistently greater than that 
in the similar apparatus, the condenser, indicates that one 
such neglected variable is the temperature of the circulating 
water. It is the purpose of this paper to apply a correction 
for the water temperature to the results of reliable experi- 
ments. 

By correcting for all variables, the rate of heat transfer 
which is generally expressed as some exponential function 
of the circulating water velocity, may be expressed in a dif- 
ferent form as a straight line function. With this relation 
it is possible to evaluate the thickness of a water film cap- 
able of offering the same resistance to heat transfer as is 
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encountered on the water side of a condenser or feed water 
heater. From the known internal conductivity of such a film 
it is possible to develop an expression for the area of heat- 
ing surface required to transmit a given quantity of heat 
under all conditions of circulating water velocity and tem- 
perature, mean temperature difference, and tube diameters. 
With the use of suitable design factors this expression for 
area may form the basis of rational design, while a consid- 
eration of the manner in which the variables appear may be 
of assistance to the operator. 

The possibility of solution along the lines indicated was 
brought to the author’s attention by Dr. C. E. Lucke of Co- 
lumbia University. 

In condensers and feed water heaters the resistances to 
heat flow for clean tubes are: 

a That due to the thickness of the tube walls. 

b That due to the film of water on the steam side next the 
tubes. 

ce That due to air in the exhaust steam. 

d That due to the water film on the water side. 
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Under ordinary conditions of operation (d) will be the 
controlling resistance and any increase in heat transfer 
should come through reduction of the film thickness on the 
water side. This is evident when the general law of heat 
transfer is considered. Taking the analogy of the eleetric 
or magnetic cireuit we may write, 


in which 
U = B.t.u. transmitted per hour per sq. ft. 
tm = mean temperature difference between the hot and 


cold fluids 
R = resistance to transfer 
Putting in the individual resistances enumerated above this 
becomes 


in which 
R, = resistance of the water film on the water side 
R, = resistance of the air film on the steam side 
R, = resistance of the water film on the steam side 


R, = resistance of the tube walls. 
If ¢ be the resistance per unit of film thickness and /, the 
thickness of the film the expression becomes 
tm 
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in which we have the heat transfer in terms of the film thick- 
nesses involved, 

Considering now the controlling resistance, that on the cir- 
culating water side, we find that this decreases as the water 
velocity increases. Just how it decreases has been the sub- 
ject of much investigation and the results have been summe:! 
up by G. A. Orrok' in his paper. 

In his Scientific Papers, Osborne Reynolds pointed out 
that if a fluid traversed a tube without turbulence, the re- 
sistance to the transfer of heat would be entirely independ- 
ent of the velocity; while, if the flow were turbulent, it would 
vary inversely as the velocity., In a later paper he showed 
that the transition from non-turbulent to turbulent flow was 
a discontinuous phenomenon: on a certain critical velocity 
being exceeded, turbulence abruptly sets in. Hence, when 
heat is being transferred from a hot tube to a fluid flowing 
in it, the law of heat transference changes abruptly once the 
critical velocity is reached. 

The eritical velocity according to Reynolds is given by the 
relation 


V 1 P 
Bead 
where 
P = Poiseuille’s value for the ratio of viscosity to density 
d = internal diameter of the tube. 
B = a constant 
The value of P in centigrade units is given as 


1 
1 +- 0.03367 +- 0.000221 T° 
in which 7 is the absolute temperature centigrade. 

If now the value of P at some one temperature, such as 60 
deg., be settled upon as the standard, the ratio of P at any 
other temperature to that at the standard temperature may 
be computed as a specific viscosity. 

The view that the rate of heat transfer should vary in- 
versely with the viscosity was arrived at through considera- 
tion of the similarity between the accepted law for heat 
transfer and that for the loss of head in pipes. Reynolds 
found that up to the critical velocity the loss of head varied 
directly with the velocity as shown in the lower branches of 
two of his results in Fig. 1. The codrdinates here are the 
logarithms of the loss of head and velocity, and the slope 
of the lower branches is 45 deg. At the critical points C 
and C’ the flow becomes turbulent and the slope of the curve 
changes to about 1.72. Reynolds shows further that the tem- 
perature of the water and diameter of the tube have little 
or no effect upon the slope of the curves but that these may 
be shifted so as to be exactly coincident. The component 
of this shift in the direction of the velocity is 0.297 on the 
figure and this corresponds very closely to log. P/d in the 
expression for critical velocity above. 

With these facts in mind the results for heat transfer 
were investigated and those reported by Orrok were selected 
as being the most complete and accurate. The mean temper- 
ature of the cireulating water was computed from his factors 
of correction for viscosity and the data grouped in accord with 
certain average temperatures. The results are plotted in Fig. 
2 from which it is seen that there is a distinct shift from the 
mean of the points for the lowest temperature to those of the 
highest temperature. Of course these results are too few 
and, not having been obtained with this purpose in mind, 
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are too inaccurate for quantitative results, but they show 
well enough the qualitative effect. 

The points defining the five lines of more or less equal tem- 
perature form a wide band. If, however, we apply a cor- 
rection similar to that for the critical velocity so as to re- 
duce the results to some common temperature, say 60 deg., 
the width of this band is cut in half. For instance, if the 
mean water temperature in one case were 40 deg. and the 
velocity 5 ft. per sec., the resistance to heat transfer would 
be the same as if the temperature were 60 deg. and the 
velocity 

5K Poo 

This correction has been applied and the results as re- 
duced from a 1-in. to a *-in. pipe are plotted in Fig. 5 along 
with the uncorrected data. The reduction in the dispersion 


= 3.62 ft-sec. 
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is quite marked and the agreement, in view of the difficul- 
ties in eliminating air from the steam in a test of this sort, 
becomes now quite good. There is a tendency toward curva- 
ture in the plots but this is not well enough defined to per- 
mit of revaluation owing to the scarcity of points at the low 
velocities. 

By further reasoning it is found that there is a linear re- 
lation between the resistance on the water side and one va- 
riable, the velocity, after the other variables have been taken 
care of in reducing the velocity. The resistance of the tube 
walls for clean tubes is well known and that onthe steam 
side has been determined for the one case, that of steam at 
212 deg. The curves resulting from plotting experimental 
data will lie above that due to the sum of the resistance as 
calculated, because in practice steam is never quite air free 
and the resistance on the steam side is increased by that due 
to the air. 

This constitutes the reduction for viscosity, but when the 
results of different experimenters are considered it is found 
that different sized tubes have been used. 

But 

Inner diameter 


cw = Rw 
. x Outer diameter 


= 


. 
~ 
a 
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1.00 0.529 0.52 
Rw), = (Rw) _ 0.55 (Rw) 


gives a reduction factor for relating the two sizes of tubes on 
the basis of the resistance of the water. 

As an example of the method of applying the corrections 
for working up the results, take the first run in Orrok’s re- 


sults. Here V~ = 11.2 ft. per see.; t, = 126.3 deg.; tn = 
73.2 deg.; U = 1000. Now t, — tm = 54.1 deg. From the 
table of correction factors, Table 1, C = 1.10. Then 
A 11.2 
1.10 
0.902 0.902 
= V, -- = 15.9 
J final J 60 0.529 9.3 0.529 1 ) 


of which the reciprocal is 0.063. This ean be raised to the 
.82 power by laying off a pair of scales, one 


of which will show V when the other gives 
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practically so. The lower section has a range from 32 to 
140 deg. fahr., which embraces the temperatures met in con- 
denser practice and greatly exceeds the limits in this prac- 
tice. Expressing the lower section algebraically we have 


520\, 
( — 4.07 
(7.) 


From whieh, and the expression for / above 


12 
34.0 10 0.00313 
For water temperatures outside this range, such as those met 
in feed water heaters, the upper section may be used and a 
similar expression obtained. 
This expression is a rational one as far as film thicknesses 


are concerned but is still not in a practieal form. To reduce 


SCALE FOR 
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on the final curve are then 1 and 0.102. < 
It is not absolutely necessary, as has been 30 001044 
done so far, to deal with these resistances in 
terms of an arbitrary unit, since the resistance roe looong S 
may be expressed in terms of the thickness of wae = 
° ar: 
equivalent water films, by a simple transfor- See lo 000348 fa 
mation. When this is done we have the thick- Sax ; 7, = 
ness of the films on each side and that of the “ Air KreeStegm at 2leaeg | \ 
tube wall expressed as a water film thickness, 0 0.) 05 06 09 «10 
and we have the film thickness on the water x= nae 
te in terme one variable which Fic. 3. Resistance To Heat Fiow in Terms or “Futry Repucep,” Ve- 
been reduced in such a manner that all LOcITY OF CIRCULATING WATER. ENGINEERING, JAN. 25, 1914 
other variables are accounted for. In other 


words, we have a linear relation between the physical object 
offering the resistance and the factors upon which it depends 
for its magnitude. 

It now remains to express the results algebraically and 
this may be readily done. Since the curves are of the form 
y = mx + b we have, measuring the values of m and b on 
the line for “ resistance as measured ” in Fig. 3 


1 = 0.0143 (; 


b 


9.00313 


Now the reduced velocity V,, was corrected for both vis- 
cosity and the diameter of the standard ®¢-in. tube, 0.529 in. 
If we let d be the inside diameter of the tube under test and 
Pt be the viscosity — density for the mean water tempera- 
ture as before and P,, the same ratio for the standard water 
temperature we can write 

‘ 

Xd 
Calling the ratio of the viscosities (',, water correction, and 
reducing we find 


l= 


Cw 


1 = 0.0085 4 0.0031: 
+ 0.00313 


if now Cy can be expressed in terms of the temperature 
we have an expression involving the film thickness and all 
the variables concerned. In Fig. 4 the values of C have been 
‘plotted against absolute temperature in deg. fahr. on loga- 
rithmie paper, and it is seen that while the curve is not ex- 
actly straight it can be divided into two sections which are 


it to such form, the general law of heat transfer is utilized. 
According to this law 

Q = 
in which Q is the heat transferred per hour, -1, the area of 
the heating surface, and f,, the mean temperature difference 
as before. 
Remembering that we can now write 


U=_, 


A 


= _@ + 0.0213 ) 


from which 


Upon further reduction this becomes 
+ 0.0009 ) 

This is a rational expression for the area of the heating 
surface required in a condenser in which all the surface is 
active and in which steam is substantially air free, as it 
exists when an effective dry vacuum pump is in use. 

The above rational expression for the area of condensers, 
the determination of the actual thickness of the dead fluid 
film and its variation with the flow conditions, suggests a 
method of dealing with all heat transfer apparatus, depend- 
ent upon the same principles. 

Conclusions. In condensers and feed water heaters, using 


A= 
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practically air free steam, the controlling resistance to heat 
transfer is on the water side. This resistance is a function 
of the water velocity, its mean temperature and the diam- 
eter of the tubes, and it varies inversely as these three va- 
riables, according to a straight line law. Large quantities 
of air collecting in pockets on the water side greatly increase 
the resistance to heat flow while the quantity of solid matter 
contained in the circulating water may increase the apparent 
resistance by increasing the apparent velocity as determined 
by the weight of water passing. The viscosity of the cireu- 
lating water has an important influence on the resistance, 
since the warmer the water the less resistance it offers. The 
resistance due to oily circulating water may be greatly dif- 
ferent trom that of fresh water. Finally by analysis of 
reliable test data it is possible to get an expression for the 
area of heating surface required to transmit a given quantity 
of heat, in terms of prime variables, from whieh it is seen 
that the area varies directly as the quantity of heat to be 
transterred per hour per square foot, and inversely as the 
circulating water velocity and its mean temperature, as well 
as the tube diameter. Such an expression, based on good ex- 
perimental results, should replace empirie coefficients in de- 
sign and assist materially in operation. 


DISCUSSION 


Roverr C. H. Heck stated in a written communication 
that the argument is developed so much by the experimental 
method that the title “ rational” seemed to him to be fully 
deserved. The argument from analogy between the law for 
heat transfer and that for the law of head in pipes appeared 
to him to be rather far-fetched, the functions used not being 
really enough alike in their manner of variation to warrant 
such an assumption. Besides, the assumption that general 
velocity states are proportional to critical states is not yet 
proved. He could not aecept the assumption that because, 
with the same water temperature, the critical velocity in a 
l-in. tube is only one-half as great as in a half-inch tube, 
therefore the unit surface of the larger tube is twice as 
effective as the unit of the smaller tube. The idea of com- 
plete inverse proportionality to temperature appeared to be 
too simple and not yet proved experimentally. He believed 
that the difference of slant in the final line of Fig. 7 and 8 
was due more to excessive influence of tube diameters than to 
the causes named by the author. 


Leo Lors objected to the fundamental conclusion of the 
writer that the control resistance to heat transfer from the 
condensing vapor to liquid warming rests on the liquid side 
and that the numerical value depends on the three factors 
of water velocity, mean temperature and tube temperature. 
Recently types of apparatus have been produced in which 
the agitation of the liquid is earried to the highest practicable 
point consistent with reasonable frictional resistance and it 
appears that in the near future the largest part of such ap- 
paratus will embody construction principles which will make 
it altogether impossible to base results on either velocity or 
temperature. 

Variation in results reported by several investigators may 
be due to lack of standard methods of tests and of uniformity 
in the presentation of data as well as, in some instances, to 


dAD 


an improper conception of the meaning and application of 
the term “temperature difference.” Thus accidental errors 
may be due to difference in temperature across the cross 
section of a pipe where the outlet temperature is measured. 
Several instances have shown that water is discharged from 
different portions of the heating surface in streams of vary- 
ing temperature and that these streams did not diffuse 
readily. 

He objected to the assumption generally made that the 
law of heat transfer is analogous to that of an electrie or 
magnetic cireuit which it can be only when there is under 
consideration a single thermal resistance, a case which never 
occurs in practice. 

He further diseussed his own tests conducted at the Naval 
Engineering Experiment Station upon single tubes and 
normal heaters (Published in the Journal of the American 
Society of Naval Engineers, May, 1915; compare abstract 
in The A.S.M.E. Journal, August, 1915), and their bearing 
on the theory presented by Lieutenant Wilson. 
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WATER 


H. Wape Hissarp made a plea that whenever mathematical 
papers are presented before the Society the authors use foot- 
notes showing how they have evolved their equations, in the 
most elementary fashion. He had observed that mathematical 
papers presented before the Society in years past had re- 
ceived secant discussion, due in part to the jumps in the 
mathematies in the papers. 

The author mentions that “ The controlling resistance to 
heat transfer is on the water side,” showing how much em- 
phasis he places upon the word “ controlling.” In condenser 
practice we have rain plates so that the moisture will be re- 
moved from the tubes as quickly as possible and the steam 
which follows will strike against tubes that are not encased in 
wet film. 


Epcar BucKINGHAM contributed a written discussion of 
the physies of the subject of heat transmission, in which he 


showed that the heat transmitted to the liquid from unit 


length of the tube in unit time could be expressed by an 
equation of the form 


= 
| 
| 
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D = internal diameter of tube 
V = speed of fluid 
o = density of fluid 
v = viscosity of fluid 
C = specific heat of fluid 
= temperature difference 

4 = conductivity at mean temperature of section 

= temperature coetflicient of conductivity between this 

and temperature of inner surface of tube 

* = an unknown function which remains to be determined. 

This equation shows that a complete investigation of the 
problem of heat transmission, even for a single liquid in so 
simple apparatus as a condenser tube, is rather complex. 
To determine the value of » it is necessary to find the effect 
on @ of varying four arguments of # separately. In view 
of our almost complete ignorance about the thermal con- 
ductivity of water, to say nothing of other liquids, it is not 
surprising that we do not yet know all there is to know 
about heat transmission; and any attempt to proceed ra- 
tionally, as Lieutenant Wilson has done, by taking into ac- 
count and allowing for the various physical quantities that 
may be involved in the process of heat transmission is very 
much to be welcomed. 


ARTHUR M. GREENE, Jr. I would like to ask the author 
how he proposes to get the mean temperature so as to use 
the results of his work, and also how he got the mean tem- 
perature which he did use. 

As Mr. Braun points out, if he uses the arithmetic mean 
or the logarithmic mean, he gets two results; and if the vis- 
cosity is affected by the temperature he has got to con- 
sider that fact in finding the coefficient of heat transfer. It 
seems that both of those methods in getting t,, are incor- 
rect and you have really to find t,, by the method that 
Orrok uses in his work on the condenser. 

I would also like to say that Mr. Leo Loeb’s paper, which 
recently appeared in the Transactions of the Institute of 
Naval Engineers, clearly points out the fact that this heat 
transfer coefficient varies with the temperature. The method 
he uses is rather unique, and proved clearly, I think, that 
we must use some exponent form for the computation of 7. 
If we do this it seems to me better than to use an expres- 
sion involving viscosity. 


C. F. Braun. This paper is particularly interesting to 
the writer because it treats in a most thorough manner a fac- 
tor in ealorifier design, which is given only slight attention in 
my condenser paper. 

Unquestionably the resistance to heat flow on the fluid side 
of a tube increases rapidly with increase in viscosity and 
is a most important factor in the design of calorifiers for 
such viscous fluids as oils, syrups, ete., having viscosities 
ranging up to 50 times that of water. As the oil industry 
particularly is an important one in this country and the de- 
mand for oil heaters and exchangers large, the development 
of rational formulae relating to heat transfer and viscosity 
would be very valuable, and can the author extend his re- 
searches to these fields he will render a service to the pro- 
fession. 
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The viseosity of water varies so slightly within the ranges 
of temperatures encountered in heater and condenser prac- 
tice that its effect, I feel, is almost negligible compared with 
that of other variables indeterminate and difficult to con- 
trol. Iam a great believer in figuring, but we must eliminate 
unimportant complications, or we avoid and do not use our 
theory. 

One of the greatest variables in determining the unit co- 
efficient of heat transfer for comparison of different experi- 
mental results is the method of computing the mean temper- 
ature difference. Without discussing the merits of the vari- 
ous formulae, it is suflicient to call attention to the fact that 
the arithmetic mean, logarithmic mean and others produce 
widely varying results, particularly when the ratio between 
the least temperature difference and the greatest temperature 
difference is small. 

Again the amount of air present is a variable which cannot 
be controlled or its effect determined, and will invariably 
produce variations far beyond the limits of viscosity effects. 

The density or mass flow of the steam, while apparently 
having no important effect upon heat transfer, may very 
probably have as much if not more effect than the viscosity 
of the water. 

I also thoroughly believe that heat transfer varies in- 
versely with tube size and to a far greater degree than with 
water viscosity. Experimental data on this point would be 
valuable. 

Unaccountable discrepancies in condenser test results are 
very frequently the result of assuming a uniform tempera- 
ture in the steam space, instead of obtaining an average 
which may fall considerably below that at the inlet, due to 
frictional pressure drop through the tube of space, and to 
the presence of air. 


Tue Avutuor. Professor Heck criticises the reference to 
the similarity between the laws of resistance to the flow of 
water and heat on the grounds of dissimilarity of exponents. 
The mere numerical value of these exponents is of little im- 
portance for the purpose in hand. It was the similarity in 
form of the accepted law that led to the study, and although 
this study showed the exponential law to be incorrect for 
heat transfer, nevertheless the remarkable facility with which 
all data are reconciled by the viscosity correction is justifica- 
tion enough for the method. 

Professor Heck also objects to the use of the word 
“rational.” My understanding of the meaning of this word 
as applied to an equation is that an expression is rational 
when it so involves the different variables that the truth may 
be checked up by the fundamental dimensional equations. 
Doctor Buckingham’s very interesting paper treats of that 
same subject. Taking the expression for film thickness in 
the paper we have, 


where L is the thickness, V, the reduced water velocity, a, 
the slope of the line, and b, the intercept on the vertical 
axis, Figs. 7 and 8. In this expression b has the dimension 
L; V is of course L/T; a is L/V or L*/T, and we then have 
LT 
L= TL L=L 
which is a rational expression. Referring to the expression 
for the area we have 


where 
» | 
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A=QL . ; ae ciled to a point where further difference might be assigned 
—— in which L/ is taken as the expression above. to experimental inaccuracies. 
by definition Q/t, = U, and P = L/U from whieh The objection by Mr. Loeb that the analogy of the law 
UL? of the electric cireuit can apply only when we have a single 
A= a # L’ resistance is not sustained. We are fully justified in writing 


which expression is again rational. 

As for the influence of the tube diameter to which Pro- 
fessor Heck takes objection, there seems no reason for en- 
deavoring to find a more complicated function. The resist- 
ance to heat flow and water flow are both a function of the 
water agitation. In the flow of water the diameter is shown 
by Reynolds to have a certain influence on the critical point, 
that is the point at which the flow becomes turbulent, and 
this feature in turn affects the resistance to flow. It seems 
not unreasonable to expect the diameter to have the same 
sort of influence on heat transfer, which is dependent upon 
the agitation in the same manner. In comparing a half inch 
and a one inch tube as to the effectiveness of the unit sur- 
face it must be borne in mind that for the same linear ve- 
locity the quantity of water passed increases as the square 
of the diameter. If now the flow is turbulent, there can be 
a larger number of impacts on the unit surface of the larger 
tube than of the smaller, and this accounts for the greater 
effectiveness. 

Professor Greene has asked the method of obtaining the 
mean water temperature. This is shown in the tables where 
I have subtracted the mean temperature difference ¢,, from 
the temperature of the steam ¢,, thus getting t., the mean 
water temperature. Both Mr. Braun and Professor Greene 
have discussed the mean temperature difference. I am aware 
of the difference of opinion as to the proper way of getting 
this. Mr. Orrok in his caleulations used the arithmetic 
mean for the reason that the difference in results by different 
methods when the temperature rise is small is not worth 
considering. 

Mr. Loeb states that no useful purpose can be served by 
considering the high cireulating water temperature in de- 
sign where space and weight are limited. On the other hand 
this seems to me to be the very place careful design is 
needed. As an example take the condenser design of a 
battle cruiser developing say 120,000 horse power, on a small 
displacement. Her condensers will be beyond the limits of 
present practice so that no comparison may be had with 
other vessels, yet, on the other hand, space will be so confined 
as to preclude guess work. Surely accurate design is needed 
here. 

Mr. Loeb ealls attention to the fact that the variation in 
results reported by several investigators may be due to ex- 
perimental errors, rather than the neglect of the variables 
mentioned. I appreciate fully the difficulties of work in this 
field and drew Fig. 9 as an example. My point is that the 
wide variations in the results of so excellent an investigator 
as Mr. Orrok are not explained by experimental errors but 
by neglected variables instead. When in Fig. 5 of the paper 
I corrected his results for temperature, they became recon- 


such a law if we remember that the resistance in this case 
is a variable. Mr. Loeb practically uses the same analogy 
in his paper, but instead of separating the resistance into 
its component parts he assumes that he is keeping this con- 
stant when he maintains the water velocity constant and de- 
termines an exponent for the mean temperature difference, 
In the general expression, 
tm 

R, R, Ry 
R, is not dependent upon the velocity alone, but also on 
the mean water temperature, and his failure to consider the 
temperature is probably responsible for the value of his 
exponent for ¢,, and its difference from unity. Any e 
ponential law for heat transfer involving either V or ¢ 
however convenient it may be for the design of a limited 
class of apparatus, cannot be considered a valid general law. 
As Mr. Loeb says any one can run a few tests and use them 
as a basis for design for similar apparatus involving the 
same conditions. Surely, however, we are not entitled to 
use these few results in writing a general law for the whole 
subject. Mr. Loeb, in his paper, has developed in a novel 
manner an excellent method of designing certain types of 
apparatus, but these same data could not be extended to 
other types. 

The objection that new types of apparatus have been 
evolved in which agitation is carried to the limit so that vis- 
cosity need not be considered, is hardly valid. We have two 
distinct methods of reducing the resistance, mechanical agi- 
tation and increased water temperatures. In certain types 
of apparatus the first method is carried to the limit, but this 
does not remove the influence of temperature on the thick- 
ness of the water film. 

In regard to the value of the exponent of V in the paper, 
there is no connection between this exponent and that used 
for tm by Mr. Loeb in his article. The value 0.82 was settled 
on by the author of Fig. 7 in Engineering apparently by 
trial. I have since plotted the results of Mr. Orrok’s work 
against V with the index unity and find excellent aceord. 
Further experimental work must determine the real value 
of the exponent. 

In conclusion I want to point out that suecessful design 
of heat apparatus has been done empirically and will con- 
tinue to be so done. In all design, however, we must appre- 
ciate two great classes, (1) Functional Design and (2) the 
Design of the Mechanism. Mr. Braun in his paper gives an 
excellent summary of the design of the mechanism of a con- 
denser. My paper is intended to demonstrate a basis for 
rational functional design of heat transfer apparatus of all 


types for every flow condition, throughout the whole range 
of variation. 
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FOREIGN REVIEW AND REVIEW OF PROCEEDINGS OF 
ENGINEERING SOCIETIES 


ENGINEERING SURVEY 

In the section Air Engineering, attention is called to the 
article by Prof. Brabbée and Dr. Bradtke on the graphical 
process for the determination of dimensions of pipes in ven- 
tilating and heating systems, developed on the basis of an 
extensive series of tests. In the same section is reported the 
beginning of an article on graplieal tables for calculating 
reciprocating compressors. Both articles are interesting as 
showing a strong tendeney toward development of graphical 
methods for solving engineering problems. 

The article by Binder on initial temperatures of combus- 
tible gases and liquids is an interesting contribution towards 
a question of considerable interest to the designers of gas and 
explosion engines (though it is quite possible that the data 
indicated therein have been already discounted empirically ). 

In the section Mechanics, is reported an article on recent 
tests of the effective forces between driving belt and pulley. 
Among other things, these tests have shown the fallacy of the 
idea that the belt delivers a higher frictional resistance in 
gliding on a rough pulley than on a smooth one. 

In the same section is continued from the August Journal 
the abstract on theory of resistance to rolling of a hard body 
over a plastic surface. 

From a German paper is abstracted an account of experi- 
ence with coke firing under boilers, indicating some limita- 
tions of this kind of fuel, and giving suggestions as to the 
best methods and most suitable type of equipment. 

A discussion of the location of the neutral zone in heated 
buildings is presented from a paper before the American 
Society of Heating and Ventilating Engineers. 

F. L. Fairbanks before the American Society of Refriger- 
ating Engineers describes the design and installation of a 
large ammonia compression machine, giving in detail the sys- 
tem adopted for ordering the machinery and its installation. 
The suction valve of the refrigerating machine is described 
and illustrated, and some indicator diagrams are given from 
the ammonia end of the compressor. 

The fundamental problems of engine design and formulae 
for comparison of gasoline and automobile performances are 
reported from two papers presented before the Society of 
Automobile Engineers. 

From the Journal of the South African Institution of 
Engineers is taken an abstract of a paper on the influence 
Among other things, 
the author considers the physiological effect of excessive mois- 
ture and gives some rules as to the basie methods of design- 
ing mine ventilation systems. 


moisture in air has on mine ventilation. 


FOREIGN REVIEW 


Air Engineering 

SIMPLIFIED GRAPHICAL OR ANALYTICAL PROCESS FOR THE 
DETERMINATION OF DIMENSIONS OF PIPES IN VENTILAT- 
ING AND Heatina Professor Brabbée 
and Dr. Bradtke. 


Abstract of No. 21 of Communications of the Testing 
Laboratory for Heating and Ventilation, of the Royal Tech- 


nical High Sehool, 


not available in the Library of the Engineering Societies). 


serlin (the original communication is 


It is devoted to the caleulation of high pressure and steam 
heating and ventilating installations by a method previously 
established for the determination of the diameters of piping 
in hot water heating systems. 

The following notation is used: 


H = Total pressure in kg/m 
RK = Frictional resistance per meter of piping in kg m 
Z = Fall of pressure due to single resistances in kg m* 
L = Volume of air in m’‘/see. 
f = Cross section of the passage in m* 
l= Length of passage in meters 
v = Velocity of air in mw see. 
d = Diameter of passage in millimeters 
g = Acceleration due to gravity in im sec. 
+ = Specifie weight of air in kg ‘m° 
a = A constant 
= Resistance coeflicient. 
In the equation 


all frictional resistance of the air may bo expressed by a 
potential function having the following form: 


The single resistances are taken care of by the following 
equation : 


In connection with these three equations, the following is 
added : 
Equation [2] has been derived from the data of a con- 
siderable number of investigations reported in technical lit- 
erature on frictional resistance of air in metal passages. It 
is based on 293 observations made on passages having a 
diameter from 19 to 1000 mm., and since a remains constant 
only for a definite specific weight of air, the corresponding 
specifie weight y had to be brought in accordance with the 
This was 
done by means of data on the influence of y om the air re- 


conditions existing in the ventilating passages. 


sistance derived from the very careful investigations of 
Fritsche. Further were used data obtained experimentally 


by Rietschel on the flow of air in reetangular sheet iron 
passages. There were no modern investigations covering 
the case of brick passages, but it was found that the values 
obtained from equation [2], when doubled, were in nearly 
perfect accordance with the values given for brick passages 
in Rietschel’s Handbook for the Calculation and Design of 
Ventilating and Heating Plants (in Germen). Therefore, 
the final formula in which the average roughness of the ven- 
tilating passages is taken care of by varying the velocity 
exponent » can be applied both for the round and reetan- 
gular sheet iron and brick passages. 

Among other things, the investigation gives a table in- 
dicating the values which have to be used in the above equa- 
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tions. There are four more tables covering the following 
subjects: 1, equivalent diameters and cross-sections of pas- 
sages for rectangular passages from 0.1 to 2.5 m. length of 
side; 2, effective pressures in passages 1 m. high, prevailing 
at various external and internal temperatures; 3, single re- 
sistances generally occurring in practice; 4, calibration con- 
stants for frictional resistances at y equals 1.2 and tem- 
peratures in the passage varying from 0 to 80 deg. The 
new method of caleulation is illustrated by three examples. 
{ fachtes ele hinge risches oder rec rische Verfahre n 
sur Bestimmung der Rohrleitungen von Liiftungs-und Luft- 
heizuncsanlagen, Professor Dr. Brabbée and Dr. Bradtke, 
Gesundici lugenieur, vol. no, 28, 325, July 10, 1915, 


ror CaLcuLatTing RecrprRocaTING CoM- 
pressors, Immerschitt 


M. Hirseh (* Air Pumps, the Design, Caleulation and 


‘Testing of Compressors and Vaeuum Pumps,” im German ) 
was the first to offer a complete method for graphical cal- 
eulatio ‘ reciprocating Compressors, His method, how- 
ever, did net take into consideration losses in the suction 


opening of the pressure valves and expulsion of the eom- 
pressed air from the eylinder, The reexpansion of the air 
from the clearance space is also taken into account. 

When such diagrams are plotted, certain relations have to 
he taken into consideration. First, compressors equipped 
with automatic valves are here considerel 
Further, assumptions have to be made as to the character 
of the air (whether dry or moist), as to the eooling ex- 
ponent of the compression and re-expansion line, and as 
to the dimensions of the clearance of the compressor. In 
plotting the suction and expulsion lines the speed of the 
compressor has to be also considered. Hence the diagram 
dees not apply to any kind of compressors, but only to 
these equipped with automatic valves and jacket cooling, 
and not to slide valve compressors, Compressors with the 
equalitation of pressure, semi-wet and wet compressors. 
This does not, however, matter much beeause semi-wet and 
wet are searcely built any more, and compressors with 
automatic valves and jacket cooling are mostly used. 

As regards the selection of data of design the clearance 
space was taken to be 2.5 per cent. Fig. A shows the air 


diagram for 7 atmospheres absolute air compression com- 
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Fic. 1 Dra@rams sHowinc Comparative PeRrORMANCES OF SINGLE AND MULTISTAGE COMPRESSORS 


of air and in its displacement from the evlinder due to the 
motions of the valves and valve resistances. As a result, in 
order that the data graphieally obtained by the Hirseh 
method might be used, they had to be multiplied by certain 
coeflicents obtained experimentally. 

The present author attempts to offer a graphical method 
for handling reciprocating compressor problems based on 
somewhat different principles. In order to obtain tabular 
Values for the single stage and two stage compression and 
for different end pressures, compressor diagrams were 
plotted in shape very near those found in actual practice. 
Fig. 1A shows a diagram for single stage compression and 
6 atmospheres gage pressure; and Fig. B a diagram for 
a two-space compression with the same end compression. 
In these diagrams plotted from data found in numerous 
diagrams taken in actual practice, all the resistances met 
With in the operation of a compressor with automatic sue- 
tion and pressure valves, are found to be taken into account, 
such as losses in opening of the suction valve, taking in of 
the air, in compression because of the heating of the air, 


pressors. In construction of the compression and re-ex- 
pansion lines the exponent 1.3 was adopted which pre-sup- 
poses an effective cooling, without, however, making serious 
demands on it. The suction pressure is taken to be 5 per 
cent. below the outside air pressure, while the compression 
pressure (the use of light automatic valves being assumec ) 
is 0.15 atmospheres higher than in the compression chamber. 
Multi-stage compression results in lower power consuimption 
of the compressor for the same air output, greater volu- 
metric efficiency, better maintenance of the compressor and 
drier compressed air. As shown in Figs. C, D and E the 
most favorable from a technical point degree of compres- 
sion is attained on the assumption of 7 kg. per sq. em. end 
compression, in three stages. In four-stage compression 
the losses through friction in suetion and additional com- 
pression in the fourth stage are greater than the gain ob- 
tained through the triple return cooling as compared with 
the double one. If in addition the increased work in piston 
friction in three stage compression is taken into considera- 
tion as well as the additional cost of the second intermediary 


| 
/ | 
4 
* 
At 
4 
mel 


Heo 


554 ENGINEERING SURVEY 


cooler, and the higher consumption of cooling water, it is 
found that the most desirable reciprocating compressor for 
compression from 6 to 7 atmospheres is the two-stage one. 

Hence the tables worked out apply for single stage com- 
pression to air pressures of 3-8 atmospheres absolute, and 
for two-stage compression from 5-20 atmospheres absolute; 
while the three-stage compression has been left entirely out. 
Fig. D gives an air diagram for two-stage compression at 
7 kg. absolute air pressure. 

The diagrams have been plotted in such a way that the 
work done in low pressure and high pressure cylinders and 
the end temperatures be equal to one another. Hence the 
compression ratios in both of them must be equal or both 
must be equal to the square root of the absolute end com- 
pressor. ((raphische Tabellen zur Berechnung von Kol- 
benkompressoren, Immerschitt, Der praktische Maschinen- 
Konstrukteur, vol. 48, nos. 27/28, July 15, 1915, article not 
finished; abstract will be continued in an early issue.) 


Internal-Combustion Engineering 
INITIAL TEMPERATURES OF COMBUSTIBLE GASES AND LIQUIDS 


For the proper operation of gas, benzole and gasoline en- 
gines, the explosion temperatures generated by the combus- 
tion of the fuels are of great importance. There is scarcely 
any doubt that the temperatures as previously computed on 
the assumption of the specifie heats being constant were too 
low. Therefore the author has recomputed these tempera- 
tures, using increasing specific heats, and the difference in 
results, as shown by Table 1, are quite large. 

In accordance with the more modern data on specific heats 
increasing with temperature, it is found, for example, that 
the specific heat of 1 cbm of earbon dioxide at 1000 deg. 
cent. is as follows: 

1000 (0.4886 -+- 0.00024 1000) 

Hence the increase of temperature for 1 deg. cent. is equal 
to 0.4886 + 0.00024 X t. 

And from this is computed the general formula for the 
combustion and explosion temperatures: 

T= 
WE 
cbmC 0, (0.4886 + 0.00024t) + ebmII,0 (0.4692 + 0.00015 ) 
WE 
cbmN (0.308 +- 0.00007) 

The initial temperatures have been computed with theoret- 
ical air volumes and on the basis of combustion with pure 
oxygen; for explosives such mixtures may perhaps find their 
application. The temperatures when taken with pure oxy- 
gen are at rising temperatures. 


In the table the volumes of the explosive mixtures are 
given before and after combustion, and from this are com- 
puted the gage pressures available during explosion. Of con- 
siderable interest are the usually small differences in the in- 
itial temperatures, which fact the author explains by assum- 
ing that what occurs is the conversion of oxygen into carbon 
dioxide and water vapor. Since, however, the difference in 
heating value of these two elements in equal contact with 
oxygen is not particularly great, the initial temperatures also 
cannot,yary very much. The extremely powerful noise occur- 
ring during explosion of acetylene is, therefore, due less to 
the development of a high pressure than to some sort of 
acoustic action. 


Sooner or later these much lower initial or explosive tem- 
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peratures will have to be taken into consideration in design- 
ing gas and explosion engines, unless practice has already 
discounted these temperatures empirically. (Ueber Anfangs- 
temperaturen von brennbaren Gasen und Fliissigkeiten, O. 
Binder, Oel- und Gasmaschine, vol. 15, no. 4, p. 25, July 
1915, 2 pp., et.) 


Mechanics 
Recent Tests ON THE Errective Force Driving 
BELT AND PULLEY 

The law of friction of solid bodies applies fully only to 
the ease of surfaces of belts and pulleys clean and absolutely 
free of grease and the nearest approximation is the case of 
new belts having very little grease on them. If on the other 
hand there clings, more or less perfectly, on the smooth sur- 
faces of the belt and pulleys a thin skin of liquid, then, in 
accordance with the amount of its adhesion, the magnitude 
of the effective force varies as the internal friction of the 
liquid and thus becomes functionally dependent on all other 
variables, in particular: the effective surface, the gliding 
velocity, and the temperature and viscosity of the adhering 
liquid. Under such conditions new forces come into opera- 
tion, in some cases many times greater than those acting in 
the éase of pure friction between solid bodies. The prop- 
erties of the belt material become of secondary importance, 
while the properties and amount of belt grease assume a 
preeminent importance. 

The presence of a uniformly thin and smooth skin of 
grease on the gliding surface of a belt has a double effect. 
In the first place, it makes possible the rise of large forces 
between belt and pulley, especially with inerease in gliding 
velocity. Second, it protects the surface of the belt. In 
particular for high belt velocities belts should be as flexible, 
soft and well greased as possible. In the case of a slightly 
greased belt, the application of a proper belt grease to the 
clean surface can help in building up a thin skin of grease 
between the belt and the smooth pulley which raises the et- 
fective forces as has been proved by experiments. 

When there is a skin of liquid present, the magnitude of 
the effective forces increases, in the first place, with the 
gliding velocity. This makes the belt drive stable as regards 
overloads (up to certain definite limits of this latter); when 
large peripheral forces have to be transferred, higher glid- 
ing velocities must be used, and they lead to increased frie- 
tional resistances on the assumption that the temperature 
remains permanently constant. The average gliding velocity 
of the belt and pulley increases (all other conditions being 
the same and peripheral forces transferred being equal) 
approximately in proportion to the belt speed. in the high 
speed belts, therefore, usually larger frictional forces are 
in operation. 

The superiority of large pulley diameters and compara- 
tively wide belts, established by experiments, is partly ex- 
plained by the functional dependence existing, in the case 
of well greased belts, between the magnitude of the effective 
forees and that of the gliding surfaces. 

With rough surfaces of pulleys the effective force is 
greater than with the smooth pulleys only when the velocity 
of gliding is negligibly small. Otherwise it is always smaller, 
the more so the more perfectly the face of the belt is 
covered by a thin skin of fluid. As a result rough pulleys 
not only eut down the life of the belt through increased 
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wear but do not accomplish the purpose of increasing the 
frictional resistance in gliding. (Versuche iiber die Grisse 
der wirksamen Kraft zwischen Triebriemen uns Scheibe, A. 
Friedrich, Zeits. des Vereines deutscher Ingenieure, vol. 59, 
nos. 27, 29 and 30, pp. 537, 580 and 608, July 3, 17 and 24, 
16 pp., 39 figs. etA.) 


THeory OF RESISTANCE TO ROLLING OF A Harp Bopy OVER A 
Puastic Surrace, B. B. Sehultz 


A treatment of the resistance to rolling of cylindrical 
wheels over various types of ground, considering in par- 
ticular resistance to rolling of driven wheels. The present 
article, while an independent unit, is, to a certain extent, a 
further development of an article previously published by 
the author and abstracted in The Journal August 1915, p. 
178. 

As regards the resistance to rolling of driven wheels, the 
author gives in a table the various coeflicients (determined 
experimentally) of resistance of motion of ordinary wagons 
over horizontal roads of various kinds, compiled from data 
found by Morin, Résal and Watson. None of these in- 
vestigations indicates how the resistance to motion varies 
with the change of diameter of the driven wheels, the width 


tion made by the author, the diameter d of the journal does 
not exceed, in the case of heavy trucks, 60-80-100 mm, 


. 
and for light wagons 40-50 mm, so that the ratio D does 
] . 
not usually reach 0.110 and does not fall below , being 


1 
on the average approximately 50° On the whole, the author 


shows that resistance to the motion of the wheel, due to 
friction in the shaft, does not exceed usually one-half of 
one per cent. of the load of the shaft and in the least 
favorable case, does not reach one per cent. of that load. 
The resistance to motion due to vibration of the wagon 
is considered as the entire increase of resistance to motion 
due to the velocity of motion. The author comes to the 
following conclusions as to this particular item in the 
resistance to motion: The variation of the resistance to 
motion of a wagon with the inerease of its velocity is ob- 
served only when motion oceurs over uneven hard ground 
where this resistance is great, and in the the first approxima- 
tion, the resistance increases with the velocity, in a straight 
line. Resistance to motion due to the vibration of the 


TABLE 1. INITIAL TEMPERATURES OF EXPLOSION OF COMBUSTIBLE GASES AND LIQUIDS 


INITIAL TEMPERATURES PRESSURES 
with varying (upwards) | 


at constant specific heat specific heat 


with theo- with theo- with theo 
Initial Volume Final Volume | Initial Volume Final Volume retical amt. retical amt. retical amt. 
with oxygen e with theoretical amount of air with oxygen of air with oxygen of air with oxygen of air 
Cc. B. M Cc. B. M. C. B. M. B. M. © Cc Atmospheres 

Hydrogen 300 | 22,93 6,771 42,01 6781 2756 2851 1711 7,63 6,205 
Carbon Monoxide 3,00 21,775 6,771 43,361 7067 3042 2694 1775 7,26 6,53 
Methane 3,00 34,15 10,542 71,78 7160 2440 2829 1583 11,38 6,86 
Acetylene 7.00 85,49 25,855 203,06 3610 1953 12,21 7,85 
Ethylene 4,00 51,34 15,313 114,093 2750 3226 1758 12.84 745 
Benzole 17,00 231,65 73,565 DAA AT 2790 3234 1717 13,63 7,40 
Gasoline 12,00 183,90 53,481 400,78 3068 1661 15,33 7,50 
Aleohol 4,00 55,06 15,313 110,063 2728 1566 13,77 7,19 
Illuminating Gas 2,135 22,95 6435 45,51 Too 2530 3126 1747 10.75 7.07 


of their rims and presence or absence of gripping protuber- 
ances, and what are the most favorable dimensions of a 
wheel giving minimum resistance to rolling. In order to 
answer these questions, the author breaks up the complex 
phenomenon of rolling into its simplest components, by con- 
sidering three of its elements: viz. first, resistance to mo- 
tion due to friction in the journals of the wheels of the 
wagon; second, due to vibrations of the body of the wagon, 
and third, resistance of ground to rolling of the rims of the 
wheels. 

The resistance due to friction in the journals of the wheels 
of the wagon may be considered as a braking foree FR, kg 
applied horizontally to the axis of the wheel, and, mechani- 
eally, may be expressed by the following formula,— 

d 
where d is the diameter of the journal of the shaft, D the 
diameter of the driven wheel, Q the load on the shaft in 
kilograms and » coefficient of friction on the surface of the 
journal. According to M. Forestier, this coeffiment is 0.1 
for ordinary journals lubricated with journal grease, 0.01 
for patent bearings lubricated with oil, and 0.005 to 0.0025 
for lubricated ball-bearings. According to the investiga- 


wagons in the case of motion over uneven, hard ground, at 
very low velocities, amounts to not more than some tenths 
of one per cent of the load of the wagon. In rolling over 
smooth ground, the resistance to rolling of hard tires may 
be considered as practically independent of the velocity. 
The resistance to the motion of the wagon over soft ground 
(subject to deformation), is on the average greater than 
the resistance to motion over every other kind (hard) of 
ground, and reaches the maximum absolute value (up to 
25 per cent) of the load on the wheels. The resistance to 
rolling of wheels over soft ground (subject to deformation), 
is the main constituent of resistance to motion. 

The state of theory as regards resistance to rolling is 
rather unsettled. According to the law of friction in motion 
formulated first by Coulomb and accepted by Morin, this 
resistance is proportional to load and inversely proportional 
to the diameter of the rolling cylinder; according to Pro- 
fessor Hele-Shaw, it is inversely proportional to the square 
root of the diameter; and according to conclusions drawn 
from the present investigation, it is inversely proportional 
to the diameter raised to the power 2/3. Further, the 


coefficient of resistance to rolling is, according to Coulomb 
and Morin, independent of the load, while according to tests 
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made by the committee of the British Association, it de- 
creases with the load. According to tests at the automobile 
laboratory of Professor Riedler, it increases with the load, 
and aecording to the data of the present investigation, it in- 
creases with the load slightly and is proportional to the 
cube root of the load. 

The present investigation is limited to the consideration 
of resistance to rolling of driven wheels moving over a 
horizontal and plastic roadway. The specific resistance of 
the ground to crushing is assumed to be proportional to 
depth y» ot erushing, so that f = f,.y, where f, in kg per 
chm is the coetlicient of specifie resistance of the ground to 
crushing. 

If we denote by Q@ kg the load on the surface of rolling, 
by R kg the effort of rolling applied to the axis and forcing 
the wheel to roll uniformly, by B em the width of the rim and 
by yw, em the depth of the impression left in the ground by 
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be in equilibrium, and therefore the algebraic sum of their 
vertical projections must be equal to zero: >Y = O or 

—SdF.cos.2 = O 
where SdF.cosa must be spread over the entire surface S 
of rolling in contact with the ground. But dF .cos2 
(I. ds )cose Bal’ . cose on 
the other hand, as one can see from Fig. 2 B, dl’.cosa = dx, 


B.f.dz, since dl’. cosz 


and hence 


which brings the equation to the form: 
Jo 


The properties of the cirele indicate the following (Fig. 2 C) : 

x = [D— (yo— ] (Yo — [4] 

If we differentiate this equation, free it from x and sub- 
stitute in equation [3], we have then: 


Fig. 2. TueoreticaL Curves or Resistance TO ROLLING as COMPARED WITH THOSE OBTAINED EXPERIMENTALLY 


the rolling cylinder, then the specific work L, in kg per 
em required to deform 1 sq. em of the surface of the ground 
to a depth y., will be in kg-em 


Yo Yo 2 
Le -{ f.dy = f,.ydy = f, 


and hence the work per unit of length of roadway (1 em) 
or the magnitude of the resistance to rolling will be 


Now (Fig. 2 A) let the origin of coordinates be at O; the 
axis of X along the line OA; the axis of Y along the line 
OB and the axis of Z normally to the plane of the drawing. 
If we take an element dS = B.dl’ on the surface of the 
rolling cylinder, which dl’ is the element MN of the are 
AB; let dF = f.dS be an element of the force of pressure 
of the ground against the surface of rolling corresponding 
to dS; assume f the specific pressure on the ground to be 
proportional to the depth of erushing y:f=f, If we 


neglect friction, we by that very fact assume that dF |. dS. 


External forces applied to a uniformly rolling body, must 
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where the fact has been already taken care of that, in dif- 
ferentiation, the signs of ydx and dy are opposite. , 

It is theoretically possible to solve the complicatee integral 
in equation [5], but practically there would not be much use 
in doing so. By approximate substitution, the author de- 
rives the following two expressions (the numbers of the 
equations are those in the original article) : 


Q = .F,.B.VD.y, - [7] 
3 


R 
where 9 = Q” and is the coefficient of resistance to rolling. 


Formulae [1], [7] and [12] give the solution of the problem 
of resistance to rolling in the case of a cylindrical wheel with 
a hard rim, moving over a plastic roadway, on the assump- 
tion that the resistance of the ground is proportional to the 
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depth of its deformation. The author shows that the ex- 
pression for d? obtained in equation {1} by means of com- 
puting the work of deformation of the ground, may also be 
obtained from the equations stating the conditions of equil- 
ibrium of a rolling wheel, by equating to zero the algebraic 
sum of the horizontal projections of all forees acting ex- 
ternally on the wheel. From this, he derives the following 
equations, Which give a general and analytical solution of 
the problem of resistance to rolling of a driven wheel with 
a hard eylindrical rim, moving along a plastic roadway, this 
solution being independent of the law of resistance of the 


vround to deformation : 


Theoretically, theretore, the problem ean always be solved, 
no matter what it is, by the experimental law of resistance 
of the ground to the deformation. Equations [13] and | 14} 
ean be integrated with particular ease in the ease when f 

constant t.; Le., when the speciiie resistance of the ground 


to deformation is constant, in which ease 


Q 
R= FOB 15] 
rea 
F. .B.D : 


It is, however, important to bear in mind that, as shown by 
the author, the law of resistance assumed above has been 
shown, by the experiments of the author, not to be in ae- 
cordance with actual conditions. From this, the author pro- 
ceeds to show the magnitude of error caused by the use of 
the simplified eXpression for 2 in equation [4]. 

There is no way of easily verifying the correctness of the 
formulae derived by the author, although theoretically a sin- 
vle typical test, properly carried out, would have been sut- 


o = 34 \ = 


derived on the assumption of the resistance of the ground 


ficent for this. The equation for 


and the depth of its deformation being proportional to one 
another, toretells the magnitude of the coefficient 2, whieh is, 
on the other hand, equal to the ratio of experimental mag- 
nitudes, #? VY. It, now, we write in a general form 


| 
4 


| Yo 
\ D 


we can show by means of the initial equations that § depends 


on the law of resistance of the ground to deformation and, 
in particular, if the resistance is constant (independent of 
depth), then 


and | 
E=1, and 4/ > 
ND, 
From this is obtained a remarkable conclusion, viz., that if 
the coeflicient = be determined by means of data obtained 
experimentally from the equation 


Yo 


it is possible from its magnitude to judge of the nature of 


the law of deformation of the ground in the expectation that 
the smaller § is as compared with unity, the more rapidly 


will the resistance of the ground increase with the depth of 
deformation. 

From equation [1] for R, it follows that the absolute mag- 
nitude of the resistance to rolling of a evlindrical wheel over 
a given ground is proportional to the width of the rolling 
rim 2 and the square of depth y, of the imprint of rolling, 
provided the resistance of the ground is proportional to the 
depth of deformation. From another equation, it follows 
that if the resistance of the ground is proportional to the 
depth of deformation, the specitie resistance to rolling of 


R 


Q 
magnitude of the penetration of the wheel into the ground 
Yo. 


penetration of the wheel into the ground is a necessary and 


the wheel ¢ is deteremined entirely by the speeifie 


From the same formula, it follows that a relatively deep 


sutlicient index of a large relative resistance to rolling. From 
equation | 12), it follows that for a given wheel and road- 
way the relative resistance to rolling is not a constant mag- 
nitude but one slightly increasing with the load (proportional 
to @') il the resistance of the ground is proportional to 
the depth of its deformation. It may be noticed in this con- 
nection that experiments in the laboratory of Professor 
Riedler have shown the practical independence of resistance 
to rolling of a truck, from the velocity of rolling over a 
viven ground, and also the increase of the relative resistance 
to motion with the load. 

Diagram 2 D gives a comparison of theoretical eurves of re- 
sistance to rolling with curves obtained experimentally, at 
the Riedler laboratory, on tests with a truck equipped with 
iron tires and rolling over wooden boards. This diagram 
shows, first, that the independence of the relative resistance 
to rolling assumed by Coulomb and Morin in their general 
law of resistance to rolling, is not true in this particular 
case since it disagrees with the experimental data to the ex- 
tent of about 30 per cent; second, likewise in the given case 
is not correct the assumption that the specific resistance of 
the ground to detormation is constant, since it disagrees 
with the experimental data to the extent of about 40 per 
cent. The formula of resistance to rolling of a hard eylinder 
over a plastic roadway derived above on the assumption of 
the resistance of the ground being proportional to the depth 
of deformation satisfied in a manner sufficient for practical 
purposes the qualitative data obtained from experiments. 

Equation [12] shows also that the magnitude of the rela- 
tive resistance to rolling of a- hard wheel over a given plastic 
roulway inereases (slowly) with the load per unit of width 


of the rim of the wheel, in proportion to > and decreases 


more rapidly with inerease of the diameter of the wheel (in- 
versely proportional to D?). A 3 per cent increase of the 
diameter of the wheel decreases the resistance to rolling by 
2 per cent, while an increase of the width of the rim of the 
wheel by 3 per cent decreases the resistance to rolling by 1 
per cent, so that in order to reduce the resistance to roll- 


ing, it is advisable to use wheels of larger diameter even 
though of smaller width. The depth of deformation of the 
ground decreases slowly with the increase in the diameter of 
the driven wheels, and more rapidly with the reduction of 
load from unity of weight on the rim of the wheel; hence, 
in the interest of the preservation of roads, wide wheels, 
even though of small diameter, should be used. The author 
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recommends, therefore, in the interest of road preservation, 
that the load per unit of width of rim should be regulated 
by legislation, in accordance with the formula which he like- 
wise suggests. 


Railway Engineering 


EQUALIZATION OF Masses IN Motor Driven Locomotives 
AND OscILLATIONS Dur To It, H. Henich 


Diseussion of the problem of equalization of masses, or 
rather, lack of equalization and oscillations due to it on 
motor driven locomotives. Because of lack of space only a 
very brief abstract of this interesting article can here be 
given. 

In motor driven locomotives the driving plant consists 
usually of a horizontal slow-speed single cylinder engine; 
the reciprocating parts of a driving engine create cen- 
trifugal forces directed horizontally while the engine is run- 
ning. They, in their turn, create forces directed vertically 
and varying with time as a function of their magnitude, in 
addition to which the centrifugal forces of the second order 
are free to. act. 


Because a locomotive is located elastically on its under- 
frame, there arise inside the locomotive, on account of the 
action of the vertical forces, oscillations which are limited 
only to motions up and down if the driving engine is located 
so that its axis is in the plane of the centre of gravity of 
the locomotive. These oscillations in their turn create not 
inconsiderable additional forces which strain the axes and 
springs of the locomotives, and put an additional load on the 
roadway. 

The author develops the formule for the caleulation of 
oscillatory displacements, and of the additional forces act- 
ing therein. It is further shown that there is a “ critical 
ratio” between the speed of the rotation of the engine and 
weight of the locomotive, and the constant of the spring, 
at which the amplitude of oscillation and the additional 
forces corresponding to it are theoretically “ infinite” and 
practically “very large.” Next it is shown what is the 
influence of a change in the locomotive springs or the speed 
of rotation of the engine on the magnitude of the amplitude 
of oscillations or the additional forces. 


The author discusses also the movements due to cen- 
trifugal forces of the second order and shows what may be 
expected in the growth of the oscillatory phenomena if the 
driving engine be located not-in the plane of the centre of 
gravity of the locomotive; but if, instead, multi-cylinder 
horizontal engines be used as a driving plant. In conelusion 
it is shown what type of engines are best to be used in larger 
sizes of locomotives, whenever a quiet running of the loco- 
motive is considered of really serious importance. (Zur 
Frage des Massenausgleiches und der dadurch enstehenden 
Schwingungen bei Motorlokomotiven, H. Henich, Der Oel- 
motor, vol. 4, nos. 1 and 3, pp. 3 and 102, April and June 
1915, 10 pp., 5 figs. dt.) 


Steam Engineering 
CoKE AS A Fuet Unper Borers, G. Wirthwein 


Diseussion of the utilization of various kinds of coke as 


* boiler fuel. Both blast furnace and gas cokes are considered. 


The average analysis of blast furnace coke is given as 
follows: 
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Per Cent. 


$8.02 
Nitrogen ......... 0.86 

100.00 


The moisture content of coke varies in accordance witb 
its origin. This variation is sometimes ascribed to moisture 
taken in by the coke during transportation, but experiments 


TABLE 2 ABSORPTION OF MOISTURE BY COKE KEPT UNDER 
WATER (WATER CONTENTS IN PER CENT) 


Moisture absorbed after coke has been kept under 


Original | water for Hours: 

No. of Water 

Sample | Content | 
| 1 5 6 24 28 

| 

| 
1 | 8 18 2 17 17 67 | 4 
3 | 6.7 11.2 11.2 10.1 8.9 
4 | 10.4 | 12.6 12.6 | 11.5 11.5 


by Dr. Thaler show that this may be so only to a limited 
extent. Table 2 shows the amount of moisture absorbed 
by coke after lying submerged in water for corresponding 
periods varying trom one to twenty-eight hours. From 
these tests it appears that while sample No. 1 has absorbed 
10.2 per cent, increase in the other samples was as low 
as 2.2 per cent. (No. 4) which was probably due to the 
fact that sample No. 1 was very porous and sample 4 
very hard. Dr. Thaler concludes from his tests that in 
transportation of porous coke even during strong rains, 
increase of moisture content will not exceed 4 per cent., and 
with hard coke from 1 to 2 per cent. 

The experience of German factories and electric plants 
with coke firing since the beginning of the war was ap- 
proximately as follows: It was found that coke alone 


could not be burned at all on traveling or chain grates. 


That might have been expected. When coal is burned on 
this type of grate the ignition of the gases brings the arch 
to a very high temperature, and as a result coals even very 
rich in gases can be burned on such grates practically 
without generation of any smoke. On the other hand, when 
coke is burned there is no flame at all and as a result the 
arch remains at a lower temperature. Hence when the coke 
is moved forward on the grate, it does not find a zone of 
incandescence, which leads to the fire simply going out. On 
the other hand, a mixture of three-fourths coal and one- 
fourth coke can be burned quite successfully on such grates. 

The experiments with burning coke on the ordinary flat 
grate proved far more encouraging as it was found that 
even pure coke could be burned when the conditions of 
draft were favorable. This was especially easy to attain 
with artificial draft such as is produced by a fan or steam 
jet blower; for example on locomotives even pure coke 
could be easily burned in large lumps, presumably on ac- 
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count of the sharp draft there available. In the district 
of the Bergisch Steam Inspection Association several im- 
portant concerns have adopted hand firing on flat grates, 
using a mixture of two parts of coal to one part of coke 
and without encountering any serious difficulties. 

When the coal-coke mixture is fired on the horizontal 
grate, the fireman must look out for certain particulars. 
The furnace must be fired up with pure coal of as good a 
quality as is available; the coal-coke mixture is not used 
until after the fire has burned up well and is of sufficiently 
high temperature; and the fuel bed has to be kept somewhat 
higher than with coal. For a time before cleaning the 
clinker it is advisable to use unmixed material, that is pure 
coal, so that the fire shall burn away uniformly, as only in 
this way are the complaints prevented that unconsumed 
coke is taken out from the fuel bed with the clinker. 

On the whole it was found that the gas coke is a more 
suitable material for boiler furnaces than blast furnace 
coke. Large sized coke can be burned on flat grates with 
hand firing only when a strong draft and a good grate 
cooling are available, as for example, in locomotives. For 
firing small coke and coke breeze not mixed with coal, special! 
grate types with undergrate blowers are required. This 
type of coke can be burned on ordinary flat grates only 
when mixed with an easily baking coal. In general, it ap 
pears however that there is quite a wide field in steam boiler 
firing where coke can be usefully employed without large 
and expensive alterations in furnace design being required. 
(Koks und seine Verwendung fiir Dampfkesselfeucrung, G. 
Wirthwein, Zeits fiir Dampfkessel und Maschinenbetrieb, 
vol. 38, no. 29, p. 241, July 16, 1915, 3 pp.. 1 fig. egp.) 


Miscellanea 
Recent Tests ON FLow or Water ACTED ON BY A 
PROPELLER 


Description of tests made in the small experimental basin 
of the Royal Technieal High School in Berlin. The out- 
break of the war has caused a discontinuance of the tests, 
but some of the tests have been found to be sufficiently ad- 
vanced to make it advisable to publish their results. Pitot 
tubes were used as measuring instruments throughout. 

The article deseribes the experimental arrangements and 
methods of carrying out the tests and reports in a general 
manner the results obtained, given in more detail in the form 
of numerous curves. One of the interesting phenomena ob- 
served is the fact that behind the propeller in the region 
of the hub a very powerful flow of water towards the pro- 
peller was found. Continual variations of the water column 
as high as 170-180 mm have been observed. In the region 
of the periphery of the hub turbulent motions were found 
and only near the vanes was the water found to flow back- 
wards. This was the water which was sucked in by the pro- 
peller, accelerated in it, thrown back by its motion, and in 
this way made effective for driving the ship forward. 

The greatest velocities of water were found at low speeds 
within a region extending from 0.25 to 0.75 of the radius 
of the propeller. At higher speeds of rotation the maximum 
of water velocity shifts more toward the end of the vanes. 
Thus at 800 r.p.m., it lies at about 0.6 of the radius all 
around the propeller; from 0.75 of the radius both the pres- 
sure and the velocity curves at nearly all speeds investigated 
fall off constantly and at about 0.82 radius pass through the 


559 


zero line. But beyond 0.82 of the radius there is again found 
the flow of water towards the propeller. These various 
velocities of flow are of different strengths at various dis- 
tances from the axis of the shaft. Thus, for example, at 
0.92 of the radius the water column gave the same indica- 
tion as at 0.98 of the radius. This indicates the presence of 
eddies at the edges, occurring in addition to the proper pro- 
peller flow. Only at a distance of 1.25 radius is there again 
found quiet water all along the cireumference. 

All this data has been obtained by measurement over a 
cross section loeated about 20 mm behind the rear edge ot 
the propeller blade. Essentially therefore they apply only 
to this cross section, but since the shape of the “serew 
water” is nearly cylindrical, these figures apply approxi- 
mately also to several other cross sections behind the pro- 
peller. Fig. 3 gives a diagramatic view of a possible occur- 
rence of water currents both in front and behind the pro- 
peller. Only components in the longitudinal direction are 
therein represented, so that the values in the direction ot 
maximum flow are not determined and the rotation of thie 
water is not indicated (figure is not drawn to scale). 

As regards the flow of water towards the serew in tlie 
region of the propeller line, the author believes that it is 
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permissible to assume that the partial vacuum behind the 
hub materially affects the efficiency of the propeller. It ap- 
pears therefore desirable to make the diameter of the hub 
as small as possible, that is, as small as the strength of ma- 
terial and the method of fastening the propeller blades make 
it possible. In front of the propeller, that is, in the water 
under suction, the stream lines are quite different from those 
in the water under pressure behind the propeller. In the 
first place the water column in U-tubes in front of the pro- 
peller does not rise as high as in the other case; the flow 
in the opposite direction in the region of the hub cross- 
section is entirely missing. The influence of the propeller 
extends over a very much larger cross section; for example, 
at 7.5 mm in front of the forward edge of the propeller 
vane at higher speeds of rotation, quite a noticeable amount 
of water would be disturbed at 1.5 radii. 

The rotation of the water filament has been observed here 
also, just as in previous tests where such rotation was 
noticed in sand and air. It differs, however, from the rota- 
tion seen behind the propeller through the fact that several 
cylinders of rotation are formed simultaneously. (Neuere 
Untersuchungen und Messungen im Schraubenwasser mittels 
Diisen, Professor Flamm, Schiffbau, vol. 16, no. 20, p. 553, 
July 28, 1915, 13 pp., 18 figs. etA.) 
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AMERICAN SOCIETY OF HEATING AND VENTILATING 
ENGINEERS 
Vol. 21, no. 2, July 1915, New York City. 

The Determination of Pipe Sizes for Hot Water Heating 
Systems, Professor F. E. Gieseecke (Part 2) 

Can We Locate the Neutral Zone in Heated Buildings? J. J. 
Blackmore (abstracted ) 

Engineering Data for Designing Furnace Heating Systems, 
Prof. A. C. Willard 

The Establishment of a Standard for Transmission Losses 
from Buildings of all Constructions, R. P. Bolton 

The Establishment of Standard Methods of Proportioning 
Direct Radiation and Standard Sizes of Steam and Re- 
turn Mains, James A. Donelly 


Can We Locate THE Nevutrau ZONE IN Heatep Burupinas? 
J. J. Blackmore 
Discussion of the location of the neutral zone in heated 
buildings; derivation of formulae for the determination of 
its location, and discussion and consideration of the effect on 
the neutral zone of the shape of a building. 
A neutral zone is a place or a plane inside a room or 


Fic. 4 Neurrat Zone Heatep 


building where the pressure is equal to that of the air sur- 
rounding it on the outside. Its exact location in the room 
or building depends upon the relative leakages at the ceiling 
or upper part of the wall or at the floor or lower part of the 
walls, and under ordinary conditions in still air, its location 
will be slightly below the central horizontal plane of the 
room. 

In cold weather, the air contained in a heated building is 
much lighter than the air surrounding it and therefore has a 
tendency to rise in accordance with the laws of gravitation. 
Since it is kept from rising by the walls and roof of the 
building, a pressure is exerted against the ceiling and upper 
part of the walls. The distribution of the pressure on the 
walls and ceiling depends, as the author shows, on the loca- 
tion of the openings connecting the inside of the room with 
the outside cooler atmosphere. Thus, in Fig. 4, with an 
opening in the side of the room, the neutral zone will be 
slightly above the center of the opening, and the following 
formula will apply: 

Pi = h,-+h(d—d,) to obtain the pressure by density. 


0.0864 460 ) 


( 460 \ 460 + ¢, 


to obtain (the pressure by temperature) where Pi is pres- 
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sure above the atmospheric; d density of outside air; d, den- 
sity of inside air. 

The author derives similar formulae for the case of a zone 
located at a point below the floor line (this condition being 
produced by the floor register and the ventilating pipe with 
a strong draft), as well as for a reverse condition with a ven- 
tilating pipe from the ceiling. The above formulae apply to 
the cases of rooms supposed to be airtight and uniformly 
heated to 70 deg. when the outside air is at zero. 

The author diseusses briefly how the location of the neutral 
zone affects the heating conditions and ventilating system of 
a building. Its location de’ermines the amount of radiation 
necessary in the various parts of the building to maintain 
the uniform temperature on the inside, as well as the venti- 
lating pressures in the building. (11 pp., 15 figs., gf.) 


AMERICAN SOCIETY OF REFRIGERATING ENGINEERS 


Journal, vol. 2, no. 1, July 1915, New York City 
Design, Construction and Operation of a 1000-ton Ammonia 
Compression Refrigerating Machine, F. L. Fairbanks 

Decomposition of Ammonia 

Condensation of Gasoline from Natural Gas 
Boiler Losses 

A. S. M. E. Boiler Code 


Extraction of Humidity from Buildings by Refrigeration. 
Design, CONSTRUCTION AND OPERATION OF 1O000-TON 
AMMONIA Compression REFRIGERATING MACHINE, 

F. L. Fairbanks 
Deseription of the design and installation of a large am- 
monia compression refrigerating machine, of partieular in- 
terest because it describes in detail the system adopted for 

ordering the machinery and for its installation. 

The Quincy Market Cold Storage and Warehouse Com- 
pany of Boston, Mass., had, some time ago, to install a large 
new unit on a very limited floor space, and the installation 
had to be made in a short time and under very rigid speci- 
fications. No builder could be found in a position to handle 
the work in the specified time and according to the required 
standard, and it was decided to design and erect a machine 
with the company’s own men contracting for the individual 
parts with several of the largest machine, foundry and torge 
shops. 

The contracts were based upon a price per pound for 
each detailed machine part as per drawing and upon the 
estimated weights of the designer, and paid on the basis of 
actual weights of castings as delivered to shop to be ma- 
chined; on difficult machine work, the prices remain-d_ fived 
regardless of weight. The company furnished drawings, 
patterns, foundations, cranes, rigging and men for the erec- 
tion. The drawings carried the specifications for each dit- 
ferent material and, where necessary, the plivsical and 
chemical characteristics. All important measurements, stand- 
ing and running fits, and clearances for expansion as well 
as running clearances, were shown on the drawings in 
thousandths of an inch, thus making it possible to have 
multiple parts machined by different men and in separate 
shops without reference to each other, and at the same time 
have them fit together accurately when assembled, as proved 
to be the case. 

The designer was to check, test, and accept or reject each 
individual piece. The patterns were checked before and 
after molding. The molds were checked after the cores were 
in and before closing, and the castings were carefully exam- 
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ined to detect defects before they were machined, all with a 
view to finding and rectifying errors before they had devel- 
oped in time and money. This proved an eflicient method 
as there was no part of the machine rejected for defect 
either in material or workmanship after its arrival at the 
power plant for erection. The immense pieces to be in- 
stalled were handled by the company’s own men, partly be- 
cause of the fact that practically all the material had to be 
carried on cranes over running engines; although the rigging 
was carefully tested, when parts were passing over some of 
the larger compressors, a man was stationed at every im- 
portant steam and ammonia valve with orders to shut it off 
if he heard a earsh: everything went on, however, without 
any trouble. 

The article deseribes the installation in considerable detail. 
The apparatus is mainly of standard design, but special 
attention has been paid to the design of the suction valve 
(Fig. 5 D) as this feature alone, unless very carefully worked 
out, will nullify praetically all of the benefits to be derived 
from such an installation. The admission of the high pres- 
sure gas from the piston ports is in the nature of an explo- 
sion and this at a time when the suction valve is wide open, 
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REFRIGERATING MACHINE 


resulting in a very forcible closing of these valves. Even 
with large area, low lift, good lubrication and quick action, 
in a design worked out for known local conditions, smooth- 
ness of operation begins to disappear at between 35 and 40 
rpm. Speeds above 50 r.p.m. are attended with more or 
less valve slamming, rapidly inereasing discharge tempera- 
tures and consumption of power. 

Fig. 5 A, B, and C are reproductions of diagrams from the 
ammonia end of the compressor. Fig. A shows the com- 
pressor cylinders operating with low pressure gas; Fig. B 
shows the same with gas from the high-pressure system 
and Fig. C shows the machine operating with the combined 
gases. When the gases were combined, the piston ports, as 
shown by the indicator eard, are also large enough to allow 
of the filling of the cylinder at speeds up to 50 r.p.m. before 
the piston has reached the end of its stroke. To the very 
small clearance is probably due the fact that there is prae- 
tically no re-expansion of gases, it being possible to produce 
practically square corners on a eard by feeding a few extra 


drops of oil to the cylinders per minute. (29 pp., 24 figs. 
d.) 
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THE FRANKLIN INSTITUTE 
Journal, vol. 180, no. 2, August 1915, Philadelphia, Pa. 
The Effects of the End Connections on the Distribution of 
Stress in Certain Tension Members, Cyril Batho (ab- 
stracted ) 
Modern Theories of Magnetism, G. F. Stradling 
Standardized Colored Fluids, H. V. Arny and C. H. Ring 
An Investigation of Fusible Tin Boiler Plugs (U. S. Bureau 
of Standards) 
The Testing of Rubber Goods (U. S. Bureau of Standards) 


Tur Erreets or Exp CONNECTIONS ON THE DISTRIBUTION OF 
Srress Certary Tension Members, Cyril Batho 
Investigation of the distribution of stresses in single or 
built-up structural members and its modification due to dif- 
ferent types of end connections. 


The paper describes in detail the very interesting method 
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of investigation applied. The peculiarity of the latter lies 
in the use of a simplified form of Martens’ mirror exten- 
someter, constructed in the laboratories of the MeGill Uni- 
versity, Montreal. This instrument, while very simple in 
construction and operation, was shown to be capable, when 
certain precautions are observed in its use, of measuring 
strains accurately to 1/100,000 in. on a length as small as 
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2 in., and of being used in the most confined positions, such, 


for example, as the space between two angles placed back to 
back and separated by as little as 34 in. 

The paper further reports in detail Prof. L. J. John- 
son’s method of determination of distribution of strains, and 
among other things, his S-polygon, a figure which gives at a 
glance the point of maximum bending stress and the value 
of the latter for any given load axis. The author arrives at 
the following conclusions: 

First. The only practicable experimental method at pres- 
ent available for investigating the distribution of stress in 
built-up members is by means of some form of extensometer, 
and the simplified mirror extensometer used in the tests 
described is very suitable for this purpose. 

Second. The assumption of a planar distribution of stress 
is justifiable in such members as are considered here, except 
perhaps close to the end connections, and the ordinary theory 
may therefore be applied to an analysis of the distribution 
of stress in these members. 

Third. In single- and double-angle tension members con- 
nected at their ends by means of rivets to wide and rigidly 
held gusset plates, the stiffness of the gusset plate in its own 
plane has a considerable effect on the distribution of stress 
in the member, there being in every case a particular stiff- 
ness which will give the least maximum stress in the member 
for a given load. 

Fourth. In such members lock angles are of very little, 
if any, value for the purpose either of giving a more equable 
distribution of stress in the member or of increasing the 
effective length of end connections. 

Fifth. A slight change in the line of application of the 
load to the gusset plates does not materially affect the dis- 
tribution of stress in the member, except possibly close to 
the end connections. 

Sixth. The experiments on double angles bear out the 
theory that such members do not act as a single piece bend- 
ing as a beam (44 pp., 22 figs., et). 


SOCIETY OF AUTOMOBILE ENGINEERS 
Bulletin, vol. 8, no. 4, July 1915, New York City 

Fundamental Problems of Engine Design, A. P. Brush (ab- 
stracted ) 

A Formula for the Comparison of Gasoline Automobile Per- 
formance, Cornelius T. Myers (abstracted) 

Motor Vehicle Governors, Theodore Douglas 


FUNDAMENTAL PROBLEMS OF ENGINE DesiGn, A. P. Brush 


Discussion of the fundamental problems of engine design, 
mainly with regard to what would be the best engine for a 
modern automobile. 

The author, together with the majority of automobile engi- 
neers, assumes that the small-bore, long-stroke, high-speed 
motor is the best adapted to automobile service, at least pleas- 
ure vehicles. This is because it satisfies the two fundamental 
requirements,—low weight and flexibility. The latter has 
to satisfy demands through a range unapproached in any 
other service since if 3 to 60 m.p.h. be accepted as reasonable 
minimum to maximum road speed on top gear, there is a 
95 per cent speed fluctuation and all through this speed 
range the motors must operate satisfactorily from zero to 
full power. 

As regards the most advisable length of stroke, the author 
points out that to meet the demands for flexibility, a power 
curve must be seeured that will give good values above 2500 
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r.p.m. This gives what might be termed the valve-chamber- 
limit on stroke, because with an assumed form of cylinder 
and combustion chamber, the valves are limited to an out- 
side diameter slightly less than one-half of the bore of the 
eylinder and to a throat diameter further reduced by the 
width of the valve seat. 

As regards the connecting rod length, the time-factor a- 
effecting combustion chamber efficiency requires a short con- 
necting rod. The time-factor is most prominent during the 
latter portion of the compression and the earlier portion o1 
the working stroke. Due to its angularity, the shorter the rod, 
the less the time proportion of the compression and work- 
ing strokes coincident with high pressures, high temperatures 
and high wall-to-volume ratios. Therefore, the shorter the 
connecting rod the higher the combustion chamber efficiency 
at any given number of revolutions per minute. 

As regards the mooted question of the number of cylin 
ders, the author points out that the problem of increasing 
the power and flexibility of an automobile on top gear is 
solved, with the least reduction in efficiency, by increasing 
the number instead of the size of the cylinders, besides whic) 
the frequent impulse engine is more pleasing to the driver 
in its operation throughout the entire speed range; but there 
is a price to be paid for it, as there is an increase in mechan- 
ical complications. In particular regard to V-motors, the 
author calls attention to the fact that if all eylinders were 
worked properly on a single crank throw, all major vertical 
vibratory tendencies present in the vertical motor would dis- 
appear and in their place would be found horizontal vibra- 
tory tendencies which are twice as great as the vertical 
vibratory tendencies of the vertical motor. In the V-1l2 
there are the same major vibratory tendencies as in the ver- 
tical 6; that is, instead of a tendency to reciprocate the entire 
motor mass with four reversals per revolution of the crank- 
shaft, as in the vertical four and V-8, there is a tendency 
to set up periodic vibrations within the motor mass, the 
amplitude of these vibrations being in proportion to the work 
the engine is doing. 

In the diseussion which followed, C. W. McKinley stated 
that he had run some tests of two engines of practically the 
same volumetric capacity, one of which had an almost spher- 
ical combustion chamber and the other one pancake shaped 
which had practically as large a surface as it was possible 
to make, allowing proper gas flow over the valves. With 
both of these motors exactly the same horsepower was se- 
cured and the speaker therefore believes that the shape of 
the combustion chamber has very little effect on the ultimate 
power of the motor. 

Victor W. Pagé called attention to the fact that the mul- 
tiple cylinder engines take very much more time to repair 
and that for example in valve grinding, the probable expense 
would be $2.00 to $3.50 to grind in eight valves on a four: 
$4.00 to $7.00 for the valves on an eight and $6.00 to $10.50 
for the valves on a twelve. He believes therefore that the 
ear owners will feel it also after having paid several “ twin- 
multiple ” repair bills. 

David Furguson spoke of a test recently conducted by the 
Pierce-Arrow Company. One of its 2-ton trucks using a 
standard 4-cylinder 4 by 5% in. engine with a standard worm 
gear having ratio of 7 to 1, did, on a long run, 7.25 miles 
per gallon of gasoline. A similar machine with an im- 
ported high speed engine of one-half the cylinder volume, 
geared 14 to 1, was run alongside the standard machine and 
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did only 6.6 miles per gallon. The speaker asked, there- 
fore, if high speed multiple cylinder engines are more efli- 
cient than medium speed 4-cylinder engines, why are the six, 
eight and twelve high-speed engines not used on trucks, in 
the case of which economy is of so much moment? 

D. MeCall White, in speaking of the number of cylinders, 
urged the development of the small high-speed four, and 
strongly deprecated the stampeding (of which there is evi- 
dence) by some companies who manufacture the lower-priced 
class of automobiles, into the building of eights. An eight 
must be of the highest and most expensive type of manu- 
facture. It is easier and cheaper to build a good high-speed 
four than a bad high-speed eight, and a good four will be 
more satisfactory to all concerned than a cheap eight. As 
regards the sixes and twelves, the speaker is of the opinion 
that, given the same rigidity of bearings on cam shaft and 
crank shaft, their mechanical efficiency is not so good as that 
of the four and eight. 

Howard E. Coffin stated that the requisite number of eyl- 
inders depends entirely on the size of the car. The question 
is not whether a four, six, twelve or sixteen cylinder engine 
should be built, but how large the individual eylinder shall 
be. If the piston displacement is over 300 cu. in. it ean 
properly be broken up into a greater number of cylinders 
than six, but where the total piston displacement is less than 
300 cu. in., it is foolish to break it up into more than six 
evlinders. 

Howard Marmon stated that he had never seen an eight 
or twelve do things that a six will not do, except possibly 
some of the “stunts.” Speaking of vibrations, he called 
attention to the fact that the eight evlinder transforms the 
purely vertical vibration into a horizontal one. The ver- 
tical vibration is taken up by the springs, which have a slow 
period, The chassis is rigid laterally. Any rigid structure 
will transmit high frequeney vibrations as the eross vibra- 
tions will necessarily be, and the speaker's opinion was that 
the cross vibration of the eight was very much more pro- 
nounced than the vertieal vibration of the four (25 pp., g). 


A ForMvuLa FoR THE COMPARISON OF GASOLINE AUTOMOBILE 
PERFORMANCE, Theodore Douglas 


Discussion of a formula which would make it possible to 
compare various motor vehicles. It gives the following ex- 
pression for the vehicle coefficient : 

(A) = S.4nb'sR 

DW 
number of evlinders; b = bore in inches; s = 
stroke in inches; R = gear reduction; = diameter of 
driving tires in inches; W = total weight of vehicle and 
load in pounds. 

In addition to that, VC is multiplied by e,,, whieh repre- 
sents the efliciency of the motor compared with the NACC 
rating as unity, and by e, which represents the efficiency of 
the transmission system, so that the formula becomes 

8.4nb’sR 
pw * 

VC is the ratio of the effort in pounds which the motor 
can exert at the driving tires to the total weight in pounds to 
be moved. If multiplied by the weight W, it will give the 
actual propelling foree in pounds exerted at the tires of the 
driving wheels. VC is the measure of the ability of the 
motor vehicle to propel itself. It represents the very im- 


where » 


(B) VC= 


portant inter-relation of the motor displacement, the gear 
reduction, the diameter of the driving wheels and the total 
weight to be moved. The motor speed at any given vehicle 
speed is determined by the relation of R and 2. This for- 
mula further affords a ready means of comparing the praec- 
tical effectiveness or ability of motor vehicles to perform 
their transportation function. 

The terms e,, and e, may not be definitely known, but can 
he quite accurately determined experimentally and for the 
average well-built car the product of these two terms will be 
about 95 per cent. If this factor be used formula (B) be- 
comes 

8nb’sR 
(C) VC= 
DW 

The author gives the results of applying (C) to a number 
of well-known ears using W as the weight of the car with 
full road equipment plus 150 pounds for each person the ear 
is designed to carry. The above formulae are intended to be 
used primarily for the reduction on high gear, but ean be 
applied to lower gear or intermediate reductions after mak- 
ing allowances for an adidtional loss in the gear box. The 
author also considers in detail the various resistance items 
such as road surface resistance, grade resistance and wind 
resistance. (7 pp., gpt.) 


SOUTH AFRICAN INSTITUTION OF ENGINEERS 
Vol. 15, no. 11, June 1915, Johannesburg, South Africa. 
Test of the Largest Air Compressor, G, M. Clark 
The Influence Moisture in the Air has on Mine Ventila- 
tion, Arthur C. Whittome (abstracted) 
The Centrifugal Pumping Plant of the Durban Roodepoort 
Deep, Limited, E. G. Izod and A. P. Rouillard 
Tue INeLUENCE Moisture IN THE Has ON MINE 
VENTILATION, Arthur C. Whittome 


Discussion of the amount of air which has to be supplied 
per man, the influence of the presence of water vapor on that 
man and the effects on mine ventilation. As an example, a 
case is taken for which certain assumptions are made, and 
it is shown how the amount of moisture affects the results 
obtained. 

The objects of ventilation (in particular, mine ventila- 
tion) are, first, to sweep all deleterious gases out of the ven- 
tilated zone; second, to supply to the working places such 
weight of oxygen as may be required by the workers therein, 
and third, in some cases, to lower the temperature of the 
working places to such a degree as to make work possible 
in spots which would otherwise be too warm. The author 
uses the term “oxygen stuff” to denote the pure dry-air 
portion, consisting of oxygen and nitrogen, of either dry or 
saturated air. He compares data on the amount of air 
breathed in by a grown person hard at work as given by 
various authorities, but points out that the primary object 
of ventilation is the provision at every place of such a 
weight of oxygen stuff as will insure an atmosphere suit- 
able for breathing and not merely a supply of a stated vol- 
ume of air. 

This makes the question of the presence of moisture in 
the air of high importance, since as the author has shown 
in tables and curves, under a given barometric pressure, 
oxygen stuff decreases and water vapor increases in weight 
per cubie foot as the temperature rises. Further, as the tem- 
perature of the saturated air rises, the elastic force of the 
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water vapor increases, and, therefore, with saturated air at 
a constant pressure, the elastic force of the oxygen stuff will 
gradually decrease with increasing temperature, showing the 
second cause for the decreased weight of oxygen stuff in 
saturated air. The weight of saturated air is lower per cubic 
foot than that of dry air at the same temperature and pres- 
sure, and with constant pressure and increasing temperature, 
saturated air decreases in density at a more rapid rate than 
does dry air. To illustrate the effects of moisture on mine 
ventilation, the author takes a case for which he makes the 
following assumptions: a. The collars of the upeast and 
downeast shaft are located on the same horizon, the shafts 
being sunk to a vertical depth of 3000 ft. and connected by 
a single drive at the 3000 ft. level; b. In each shaft, the mean 
barometric pressure is 13 lb.; c. Mean temperature in the 
upeast shaft is 90 deg. fahr., and in the downeast shaft, 60 
deg. fahr.; d. The following alternative contents of humidity 
are assumed as being possible: first, the air remains dry dur- 
ing the passage through the mine workings; second, the air 
is kept constantly 100 per cent saturated at all points in its 
passage, and third, the air is dry during its passage through 
the downeast and saturated during its passage through the 
upeast shaft. 

An investigation of the conditions prevaiing in such a case 
shows that in the event of a constant mean temperature in 
the downeast shaft and a second constant mean temperature 
in the upeast shaft, the following rules will hold good: first, 
the least weight of oxygen stuff flows wien the air through- 
out both shafts is perfectly dry; second, the greatest weight 
of oxygen stuff flows when the air in the downcast shaft is 
perfectly dry, and that in the upeast shaft is 100 per cent 
saturated; third, increasing the degree of humidity of air in 
the downeast shaft without lowering its temperature de- 
creases the weight of oxygen stuff flowing; fourth, increas- 
ing the degree of humidity of the air in the upeast shaft 
without lowering its temperature increases the weight of 
oxygen stuff flowing; fifth, the greatest intensity of draft 
produced by natural means is obtained when no heat is ab- 
stracted from the air itself except in the downeast shaft 
(i.e., when water is only sprayed into the air into the down- 
east shaft, which does not mean, however, that the author 
advocates the disuse of sprays and water blast where these 
are necessary for the laying of dust or the absorption of 
deleterious gases). 

There is one more aspect to the question of the presence of 
moisture in the air. It would seem that when a person 
breathes saturated air at a temperature above blood heat, 
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there must be condensation of water vapor in his lungs and 

the resultant water, (almost certainly carrying deleterious 

gases and matter if the person is in a mine) must have a 

detrimental effect on the lungs and retard them in the effi- 

cient performance of their function. The author thinks that 
what is generally attributed to “ laziness ” developed by dark 
places and the impossibility of continuous supervision, should 
really be ascribed to the inability of the lungs to handle the 
extra volume of air which is requisite to provide the neces- 
sary weight of oxygen, the lungs being to some extent water- 
logged by condensed water vapor and by the moisture which 
would normally be absorbed by non-saturated air in its cir- 
cuit in the body, but which cannot be taken up by the satu- 
rated air. 

The following are some of the further conclusions ar- 
rived at by the author: 

1. Air should be cooled as much as possible betore it goes 
to the downeast shaft; while it is being cooled, it should 
be kept as dry as possible unless the heat used to evapo- 
rate the water is abstracted from the air, thus lowering 
its temperature and making it denser. 


to 


Water having been once used for spraying purposes in 
situations where deleterious gases are absorbed should 
not be used again for spraying, as some of the entrained 
gases will be released to the atmosphere when a portion 
of the water is evaporated. 

3. Carbon dioxide absorbed by the spray water should be 
removed therefrom before the water goes to the pumps, 
in order to avoid corrosion in the pumps and piping. 

4. If there are ill effects caused by inhaling hot saturated 
air, the air should be cooled before going to the working 
places. This could be effected by the installation of 
small electrically driven refrigerating plants at neces- 
sary points in the mine, and passing the ventilating air 
through cooling chambers. (8 pp., 4 sheets of tables 
and charts. 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as ¢ com- 
parative; d descriptive; e experimental; g general; h histor- 
ical; m mathematical; p practical; s statistical; ¢ theoretical. 
Articles of especial merit are rated A by the reviewer. Opin- 
ions expressed are those of the reviewer, not of the Society. 
The Editor will be pleased to receive inquiries for further 
information in connection with articles reported in the Sur- 


vey. 
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NECROLOGY 


JOHN BROWN HERRESHOFF 


John Brown Herreshoff was born in Bristol, R. L, in 
1841. An attack of infantile glaucoma destroyed his sight, 
but his education was carried on in the schools of his native 
town. His bent for mechanism revealed itself at an early 
age, and the handicap of total blindness seemed to serve as 
a spur to his tireless energy. The miniature craft that he 
built and rebuilt in those early years served as the founda- 
tion of the skill and knowledge that he later turned to such 
good account. 

At the age of twenty, he began the construction of larger 
craft, and in 1863 he embarked on naval construction as a 
business, which he carried on for more than fifty years. 

In 1872, he entered into partnership with his brother, and 
together they designed and constructed for the U. S. Gov- 
ernment the first torpedo boat, The Lightning. 

In 1879, Mr. Herreshoff and his brother incorporated the 
Herreshoff Manufacturing Company, of which he was presi- 
dent and treasurer from its formation to the time of his 
death. 

In 1892, the Herreshoff Manufacturing Company took up 
the designing and construction of yachts, with special refer- 
ence to building craft that would enable the New York 
Yacht Club to hold the trophy against attack. The reeord 
of the Vigilant, Defender, Columbia, Reliance and Resolute 
indicate to what height of perfection Mr. Herreshoff’s firm 
has earried the science of naval designing and construction. 

Mr. Herreshoff was a member of the Institute of Naval 
Architects of London and a member of the Society since 
1884. He died on July 20, 1915. 


WILLIAM H. GERRISH 


William H. Gerrish was born in Lowell, Mass., in 1865, 
and was edueated at the Lowell High School and the Mas- 
sachusetts Institute of Technology. He served his appren- 
ticeship at the Lancaster Slate Company, Lancaster, Mass., 
from 1888-90. For several years he held a position in the 
drawing room of the Massachusetts Cotton Mills, Law- 
rence, Mass., and at the Fulton Bag Mills, Atlanta, Ga. 

During the Spanish-American War he was associated with 
the ordnance department of the War Office, Washington, 
D.C. 

In 1899, he beeame superintendent of Barber Flax Spin- 
ning Company, Paterson, N. J., from which he went to the 
Dolphin Jute Mills, Paterson, N. J. Four years later, he 
came to New York as superintendent of Commercial Twine 
Company. 

In 1910, he was appointed smoke inspector for the State 
of Massachusetts, which office he retained to the date of his 
death. 

He was a member of the Order of Masons and the Royal 
Arcanum. He died on July 15, 1915, in Malden, Mass. 


EDWARD THOMAS MORRIS 


Edward Thomas Morris was born in Lutterworth, Eng- 
land, in 1863. He was educated in publie and private schools 
in England, after which he served his apprenticeship at 
Ruston & Proctor, engineers and boiler makers, Lincoln, 
England, from 1880-1884. During his apprenticeship he took 
night technical courses. 


From 1884 to 1885, he was under instruction at the firm 
of J. & J. Thompson, marine engineers and boiler makers, 
Glasgow, Scotland. 

From 1887 to 1888, he was outside erector of machinery 
for the Union Iron Works. From that date until 1899 he 
was superintendent of the marine engineers department of 
the Union Iron Works, having charge of the installation of 
boilers and machinery on the U. 8. 8. Charleston, San Fran- 
cisco, Monterey, Olympia and Oregon. 

From 1899 to 1900, he was assistant to the marine super- 
intendent of the Paecifie Mail Steamship Company, and from 
1900-1902, general superintendent of the Fulton Engineer- 
ing and Shipbuilding Works. 

During the years 1902-1905, he was superintending engi- 
neer of the Oceanie Steamship Company, and in 1906 he be- 
came superintendent of construction with the Tracy Engi- 
neering Company. 

From 1908-1911, he was engineer of construction for the 
Associated Pipe Line Company. In 1911, he was appointed 
manager of the Pipe Line Department of the Associated 
Oil Company, in which position he was in charge of the 
construction and operation of pipe lines and pumping sta- 
tions of both companies. 

Mr. Morris died in Oakland, California, on May 14, 1915. 


GEORGE RIPLEY STETSON 


George Ripley Stetson was born in Brooklyn, Conn., in 
1837, and was the son of parents who were prominently 
identified with the anti-slavery and other reforms of the 
time. His early education was received in Brooklyn, Conn., 
and in Florence, Mass. His subsequent education was 
gained entirely through his own effeorts without attendance 
at school. 

In 1855, he entered a machine shop in Northampton as an 
apprentice. After completing his apprenticeship, he en- 
gaged in the manufacture of britannia ware. In 1864, he 
entered the employ of O. F. Winchester, manufacturer of 
rifles and ammunition, where he remained eight years. 

In 1877, Mr. Stetson beeame superintendent of the Morse 
Twist Drill and Machine Company, New Bedford, Mass. 

While in the service of this company and the O. F. Win- 
chester Company he patented a number of devices which 
proved of value, receiving thirty-six patents for his inven- 
tions. 

In 1890, Mr. Stetson became president and general mana- 
ger of the New Bedford Gas & Edison Light Company. 

He was a member of the Sutton Commandery, K. P., and 
a charter member and past patron of the New Bedford 
Chapter, No, 49, O. E. S.. He was an active member of the 
National Electrie Light Association and the Association of 
Edison Illuminating Companies, frequently representing 
these organizations as a delegate, and a charter member of 
the Society. He died on July 26, 1915. 


HAROLD BENTLEY ANDERSON 


Harold Bentley Anderson was born in 1878. He received 
his technical training at the Case School of Applied Science 
in Cleveland, Ohio, and while in college worked up a motor- 
cycle and also a sewing machine driven by a small gasoline 
engine. By the time he left college he had completed an 
automobile and in 1901, he secured patents on two auto- 
mobiles. He at once entered the employ of the American 
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Bicyele Company in Toledo, producing a system of double 
acting brakes and the steering gear that was used on the 
copy of the “ Lifu” truck, made in Toledo. 

In 1902, he became associated with The Winton Company 
as personal engineer for Mr. Winton. In 1904, he was made 
chief engineer of The Winton Company, which he held at 
the time of his death. 

Mr. Anderson was a member of the Society of Automo- 
bile Engineers, American Institute of Metals, American So- 
ciety for Testing Materials, International Association for 
Testing Materials, Cleveland Engineering Society, Beta 
Theta Pi, Theta Nu Epsilon, Cleveland Yacht Club, Cleve- 
land Automobile Club and The Aeronautical Society. He 
was also an officer of the aero squadron of the First Aviation 
corps, New York City. He died on July 13, 1915. 


PERSONALS 


Edwin G. Hatch, consulting engineer, New York, will 
have charge of the inspection and testing of a 9000 k. v. a. 
transformer now building at the Westinghouse Electric & 
Mfg. Company’s plant, East Pittsburgh, Pa., for the Victoria 
Falls and Transvaal Power Company of London. Five simi- 
lar transformers were shipped to the company’s plant in 
South Africa in 1912. 


Dr. Addams Stratton MeAllister resigned on August 1 his 
position as editor of the “ Electrical World,” New York. 


F. M. Feiker, formerly associated with “ Factory” and 
“System ” and for the past few weeks with the “ Electrical 
World” editorial staff, will sueceed Dr. McAllister as editor 
of the “ Electrical World.” 


Morris Knowles, consulting engineer, has acquired the 
engineering business formerly conducted from offices in 
Pittsburgh, Pa., and Canton, Ohio, by Mr. L. E. Chapin, 
recently deceased. Mr. Knowles, who was previously asso- 
ciated with Mr. Chapin, will conduct the combined business 
from his office 2541 Oliver Building, Pittsburgh, continuing 
to specialize in water works, water power, sewerage, sewage 
treatment and disposal sanitary investigation, town plan- 
ning, flood prevention and valuation work. 


Joseph A. Whitlow has been appointed chief of the De- 
partment of Gas, Electricity, Heat and Water for the Pub- 
lie Service Commission of Missouri. He was formerly chief 
engineer of the Board of Edueation of St. Louis. 


H. T. Woolson, formerly chief engineer of the Gas Engine 
& Power Company and the C. L. Seabury & Company Con- 
solidated has accepted a position as truck engineer of the 
Packard Motor Car Company, Detroit, Michigan. 


Frazik B. Gilbreth who is conducting a three weeks course 
in motion study in Providence, R. L., recently held an annual 
conference with a number of educational men and women 
from all parts of the country who are interested in the 
problems of scientific management. The meetings of this 
vear have special significance in that Mr. Gilbreth has been 
asked by the governments of England, France and Germany 
to study the problems of efficiency with the view to con- 
sidering the opportunities which are open to the mutilated 
soldiers in the present war. 


Dr. John A. Brashear, President of the Society, has been 
chosen by Gov. Brumbaugh as the greatest Pennsylvanian. 
This selection was the result of an invitation from the 
officials of the Panama-Pacifie Exposition to select a man 
upon whom the exposition could confer an honor as being 
eminent in the life of Pennsylvania. The governor not wish- 
ing to make the selection himself, decided to let the choice 
rest with the editors of the state and sent a letter to the 
journalists asking them to make the selection, and as a re- 
sult Dr. Brashear was chosen. 
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EMPLOYMENT BULLETIN 


The Secretary considers it a special obiigation and pleasant duty 
to be the medium of assisting members to secure positions, and is 
pleased to receive requests both for positions and for men. Copy 
for the Bulletin must be in hand before the 18th of the month. 


POSITIONS AVAILABLE 


The Society acts only as a‘ clearing house” in these matters and 
is not responsible where firms do not answer. In sending applica 
tions stamps should be enclosed for forwarding. 


0205 Draftsman experienced in the designing of bending 
rolls. One who has actually done work of this character. 
Location Southern States. 


0206 Young engineer for research work of experi- 
mental nature, along general methods which have been par- 
tially developed. Must have fairly good command of mathe- 
matics and particularly adapted to contrive and carry out 
the mechanical work incident to the experiments. Position 
offers exceptional opportunities for the development of in- 
dividual ability. Approximate salary to start will be $75.00 
per month. Location Philadelphia. 


0208 Designing engineer in drafting room of Boston eon- 
cern. Prefer young man with some experience on conveyor 
work, though such experience is not absolutely necessary. 


0209 Salesman for New York concern manufacturing 
rubber belting and rubber goods for mechanical and manu- 
facturing purposes. 


0210 Designer of special and automatie machinery and 
production tools. Give age, experience, and salary ex- 
pected. Location New York. 


0211 Young engineer with two or three years experience, 
for work in superintendence and operation of buildings. 
Location New York. 


0213 Two designers with initiative in development work, 
machinery design, ete. Familiarity with automobile work 
desirable but not essential. 


0220) A capable man, preferably with engineering eduea- 
tion and good shop training capable of specifying equipment, 
to sell metal working machine tools in the Middle West. 


0221 <A man familiar with presses and forging machin- 
ery capable of selling same. Location Middle West. 


0223 Department of Mechanical Engineering, Canadian 
University, invites applications for the position of lecturer 
in mechanical subjects, mechanies of machines and machine 
design, or shop practice and laboratory assistant. Applica- 
tions should be accompanied by a statement of age, qualifi- 
cations and salary expected. 


0225 Mechanical draftsman; some experience in cane or 
beet sugar refinery; for two or three months work. Salary 
$5.00 per day. Location Louisiana. 


0226 For firm in New York State, experienced mechan- 
ical engineer, who is thoroughly posted in stamping and 
drawing propositions. 


0227 Designer with a broad experience on metal-working 
machinery and tools wishes to get in touch with a concern 
which would undertake the manufacture of new line of me- 
dium sized machines. Loeation Middle West. 


0228 Draftsman, American; familiar with design and 
shop work. Position part time in New York State and later 
in New York City. In applying, state experience, ete. Sal- 
ary $100.00. 


0229 Inspector of machinery same line as 0228. 


Apply 
same as position (228. 


0230 Factory manager of more than ordinary experience 
in automobile manufacture for a company organizing for 
Name confidential. 


manufacture of automobiles. 
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0233 The direction of fire and patrol service about to be 
reorganized along most modern lines by a large automobile 
manufacturing company, is now open to a man who is 
qualified to take charge, who can shoulder the responsibility 
of custodian of their huge investment in plants, machinery 
and stock, with absolute integrity and fearlessness; a sane 
and healthy view of human nature; alertness rather than 
suspicion; understanding of various nationalities and types 
of men and their ways; ability to select a body of good 
men; to maintain proper discipline and to communicate a 
large sense of responsibility. Address 0233, care of The 
Am. Soe. M.E. 


0234 <A large industrial corporation manufacturing a 
diversified product ineluding automobiles, desires a works 
manager for its machine shops, foundries, forge plants and 
other factory interests. A man of proven ability as an oper- 
ating executive is sought; his record must demonstrate that 
his abilities combine a wide mechanical experience with the 
gift of organizing and obtaining the best from large bodies 
of men, a selective insight into eflicieney methods, an ana- 
lvtic grasp in handling a large mass of detail, a true con- 
ception of how and what to delegate and a comprehensive 
understanding of the problems of the employee. Address in 
strictest confidence, P. O. Box 450, New York. 


0235 Master Mechanie for a cotton piece goods finishing 
plant. First and principal requirement that he be well 
educated and preferably a technical graduate. Experience in 
finishing business not necessary, but ability to handle men 
and lay out the work of a machine and carpenter shop, piping 
and electrical department essential. E»cellent opening for a 
man of ambition and energy. Location New England. Ap- 
ply by number. 


0236 Plant Manager tor large silk weaving mill, who can 
lay out buildings and power plant and take charge of main- 
tenance. Apply by number. 


0237 Young graduate mechanical engineer to go into heat, 
light and power department of a plant employing about 
1200; will be expected to be able quickly to take charge of 
the both steam and gas engine departments. Apply by num- 
ber, giving age, education, experience and salary expected. 
Location New England. 


0238 Young graduate engineer preferably with some ex- 
perience in machine shop or construction work, to go into the 
time study and rate fixing department of a large plant in 
New England; will be expected to learn the business and will 
then be promoted inte the operating departments in an ev- 
ecutive oflice. Apply by letter, giving age, education, experi- 
ence and salary. 


0239 Young man, preferably one who has attended an 
engineering college, with a knowledge of machine shop prac- 
tice, to enter the repair department of a large concern as 
assistant to the master mechanic. Location New England. 


0240 Wanted, superintendent for munition shop, one with 
sufficient experience in the manufacture of six inch (and 
over) high explosive shells, to design a building, equip it 
with suitable machinery and operate the same after comple- 
tion. Plant to be built within 25 miles of New York. Give 
references as to ability and experience. All communications 
confidential. 


MEN AVAILABLE 


The published notices of “ men available” are made up from mem 
bers of the Society. Notices are not repeated in consecutive issues 
of the Bulletin. Names and records are kept on the office list thre¢ 
months, and at the end of such period if desired must be renewed. 


1-240 Member, who has designed, built, installed and 
operated hydraulic, conveying, woodworking, hoisting, com- 
puting, combustion, power transmission and other apparatus, 
mechanical and electrical, wants position with thoroughly 
established corporation in N. E. or near N. Y. City, in which 
a good salary may be earned several times over by the sys- 


tematic introduction of economies and “ short cuts” in men, 
methods and machinery between coal pile (or water power) 
and shipping room. Immediate salary of less importance 
than congenial position in which brains, experience and 
loyalty will assure fair returns to self and family based on 
results obtained. 


I-241 Works manager or general superintendent, mechan- 
ical engineer, graduate of the Mass. Inst. of Technology, with 
16 years experience in the manufacture of boilers. At pres 
ent employed, having charge both of office and shop. Has 
produced results and can show a elean reeord. Address 
through the Society. 


1-242 A mechanical engineer, technical graduate, with 
broad shop and mill experience, desires to become associated 
with an important New England concern. Full particulars 
exchanged. 


1-243 Technical graduate, with seven years experience in 
design and construction, desires position with architect or 
engineer to take charge of service work including power 
plant, heating, plumbing, lighting and allied branches. Ex- 
perience in railroad terminals and shops, theater, factory, 
church and residence work. 


1-244 Technical graduate M. E., thirty vears old. One 
vear mechanical engineer with railroad. Six years experi- 
ence with ear manufacturer, designing dies, tools, heavy 
machinery, hydraulie presses; also projectile forgings. Good 
shop experience. Would be useful as assistant master me- 
chanie or mechanical engineer. Location immaterial. 


1-245 Member, age 37, sales engineer technical training, 
practical mechanie with a successful sales record; speaks 
Spanish and is conversant with South American trade con- 
ditions, forceful Spanish advertising, cataloguing, open for 
engagement in South American field with a responsible com 
pany manufacturing machinery, steel products, hardware or 
agricultural implements. At present connected with promi- 
nent Eastern jobbing house as department sales manager. 
Salary expected secondary to future prospects. 


1-246 Position wanted as foundry superintendent or man- 
ager of works doing mostly foundry work; can furnish 
references satisfactory as to ability from previous employers. 
Practical foundry man who has filled all positions from 
laborer to the management of some of the most up-to-date 
companies in this country. Understands the business end 
as well as the practical end of the iron and brass foundry 
business. 


1-247 Junior, technical education, with twelve years ex- 
perience in designing, estimating, constructing and selling 
all kinds of mining, crushing, cement making machinery and 
complete plants, desires position. 


1-248 Mechanical engineer, college graduate, associate 
member, 7 years practical experience, 31 years of age, mar- 
ried. Experienced in time study, rate fixing, steam engineer, 
master mechanic, mechanical superintendent. Salary $2,400. 


[-249 Member, 28 years practical and executive eng.- 
neering experience in designing, manufacturing, production, 
organization of manufacture, equipment, ete., modern shop 
practice and management, desires position as general super- 
intendent or works manager, two or five year contracts only 
considered. Large experience in precision and quantity 
manufacture and expert in economical production. 

I-250 Member of the Society, with eight vears practical 
experience in general mechanical engineering, and four years 
experience in the installation of scientific management, wishes 
a position as efficiency engineer with a progressive concern. 


1-251 Junior, age 21, two vears at Cornell, two and a 
half years shop and drafting room experience, wants posi- 
tion in testing, engineering or manufacturing department 
where there is a good chance for advancement. Willing to 
work hard and study to obtain advancement. Salary to 
start, a secondary matter. At present employed. 
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1-252 Member, graduate Stevens Institute Technology, 13 
years experience in design and construction, steam-electric 
plants, pumping stations, industrial works, heavy founda- 
tions, involving pneumatic caisson methods, reports and ap- 
praisals, also business experience, is open for engagement. 


1-253 Sales engineer with seven years experience in 
power plant and water works fields; ean furnish proofs of 
ability; would consider a similar position or connection with 
consulting engineer’s oflice. New York City prefer.ed. 


1-254 Associate Member, technical graduate, age 33, nine 
years shop, erecting, designing and operating experience in 
the steam engineering field, having specialized in the de- 
sign and manufacture of steam turbines; capable of taking 
full charge of same. Location immaterial. At present em- 
ployed. 


1-255 Junior Member, graduate mechanical engineer 
Stevens Institute of Technology; three years experience and 
now occupied in fire protection work, engineering and sales; 
familiar with insurance and factory conditions, desires to 
associate with insurance company, firm of brokers or in- 
surance engineers having department making a specialty of 
improved risks. Location in New England preferred. 

1-256 
years engineering experience, 345 years in present position 
as assistant mechanical engineer in large government engi- 
neering testing plant, desires position with testing depart- 
ment of large corporation, power station or engineering firm; 
capable of conducting complete tests of steam boilers, en- 
gines, turbines and all auxiliary machinery. Would accept 
$1800 to start. 


1-257 Member, technical graduate, 12 years experience in 
design and supervision of heat, light and power plants, fuel 
and combustion, desires position as supervisor of power 
plants for efficiency, or designer with private corporation 
or consulting engineer. At present employed. 


1-258 Graduate, mechanical engineer, associate-member, 4 
years experience in designing, heating and ventilating plants; 
past 4 years in tests and experimental research work on steam 
boilers, gas, oil and steam engines, compressors, ete., as as- 
sistant professor in mechanical laboratory; at present em- 
ployed in experimental department of oil engine maker: 
knowledge of German and French; desires to improve pres- 
ent conditions. Location immaterial. 


1-259 Member, Cornell graduate, electrical and mechan- 
ical engineer; extensive experience in designing, construct- 
ing, operating, maintaining, inspecting, testing, and office 
engineering; desires position with engineering or manufae- 
turing concern. Employed at present. 


1-260 Member, 38, technical graduate, practical experi- 
ence in various shop departments, also training from drafts- 
man up to executive as treasurer and general manager; par- 
ticularly well qualified for high-grade sales engineering; 
solicits opportunities from those seeking a country-wide mar- 
ket for product sold on quality rather than price basis. Has 
recently tripled volume of sales per dollar expended in re- 
peated instances and has been particularly successful in the 
comprehensive organization and development of reliable sales 
forees. Would consider position of general manager if re- 
sponsibilities were chiefly those of securing satisfactory mar- 
ket. Location immaterial. 


1-261 Mechanical engineer, varied experience in technical 
advertising and editorial work, desires position as advertis- 
ing manager of manufacturing concern. Location immaterial. 
At present employed. 


1-262 Associate member, graduate of Massachusetts In- 
stitute of Technology, five years experience in laboratory and 
factory, wishes position as assistant to manager, superin- 
tendent or production engineer. Now employed. Oppor- 
tunity first, salary secondary. 


1-263 Member with broad manufacturing experience from 
apprentice to general manager in foundry, pattern, machine, 
blacksmith, boiler shops and drawing office, positions which 
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called for initiative executive ability, tact, the handling of 
correspondence, organization of men and the direction of 
their work, wishes employment as manager, superintendent 
or other executive position. Location immaterial. 


1-264 Associate-Member, graduate M.E., age 31, mar- 
ried, possessing strong personality with plenty of initiative 
and executive ability, having had seven years experience in 
machine shops, foundries, engineering, selling and eflieiency 
work, desires to represent manufacturer in Chicago in uw line 
of a technical nature where hard work and ability will pro- 
duce a big volume of business. Available Oct. Ist. 


1-265 Permanent responsible position wanted by an 
energetic, thoroughly practical and experienced shop and 
office engineer; Cornell M.E.; married; successful extended 
experience in the development of inventions, special and 
standard machinery, in plant management and as economy 
engineer. 


1-266 Do you need the services of a man with a wide 
experience in the iron and steel industry? One who has had 
a good practical knowledge of shop and steel construction, 
as designer, engineer and contractor, for large independent 
steel companies, supplemented by three years as inspection 
engineer in charge ot mill, shop and field inspection of strue- 
tural steel, railroad rails and galvanized product. College 
graduate; age forty. 


1-267 Member just returned from abroad would like to 
correspond with a well established concern (Middle West 
preferred) in view of securing a position as tool engineer or 
chief draftsman in full charge of the designing, building 
and manufacturing of tools, dies and machinery. Seventeen 
years experience with four of the largest and best known 
concerns in U. S. and Europe, on small, accurate interchange- 
able manufacture. Age 37, natural mechanical and exe- 
cutive ability, full references. 


1-268 Junior, graduate, at present employed, five years 
design, manufacturing and power experience. Wants a live 
wire position. 


ACCESSIONS TO THE LIBRARY 


This list includes only accessions to the library of this Society 
Lists of accessions to the libraries of the A.I.F.E. and A.I.M.E. can 
be secured on request from Calvin W. Rice, Secretary of the Am. 
Soc M. E. 

ALUMINUM ELECTRICAL CONDUCTORS. 
Aluminum Company of America. 


AMERICA AND HER Proptems, Paul H. B. D’Estournelles de 
Constant. New York, Macmillan Co., 1915. Gift of 
American Association for International Conciliation. 

A series of essays based on extensive travels in this country. 

The author devotes much space to a discussion of economic condi 

tions as he saw them. 2. 


Pittsburgh. Gift of 


AMERICAN SOCIETY OF MECHANICAL FE.NGINEERS. 
36, 1914 (2 vols.). New York, 1914. 

Boston METROPOLITAN WATER AND SEWERAGE 
Annual Report, 1914. Boston, 1915. 
Water and Sewerage Board. 


Journal, vol. 


Boarp. 14th 
Gift of Metropolitan 


Cost RepuctTion AMERICA’S ONLY SALvaTion. An address hy 
Robert Grimshaw before the American Suppiy and Ma- 
chinery Manufacturers’ Association, June 4, 1915. Gift 
of author. 


Fatt River WATER Works. Report of the Watuppa Water 
Board to the City Council, Jan. 1, 1915. Fall River, 1915. 
Gift of Fall River Water Works. 


INSCHRIJVING VooR 6625 PAKKEN SUMATRA TARAK, TE ROTTER- 
DAM, OP ZATERDAG 26 JUNI 1915, IN HET ALGEMEEN VER- 
KOOPLOKAAL. Gift of Universidad Nacional de la Plata. 


INTERNATIONAL ASSOCIATION FOR THE PREVENTION OF SMOKE. 
9th Annual Convention, 1914. Grand Rapids, 1914. Gift 
of International Association for the Prevention of Smoke. 


INVESTIGATION OF THE CONCRETE ROAD MAKING PROPERTIES OF 
MINNESOTA STONE AND GRAVEL. University of Minnesota 
Engineering Studies. No. 2. March, 1915. Minneapolis, 
1915. Gift of University. 


SEPTEMBER 
1915 


MacRaAe’s Bivue Book, 1915. Chicago-New York, 1915. Gift 
of MacRae’s Blue Book Company. 


New JerRseEY Harbor CoMMISSION. Annual Report, 1914. 
Trenton, 1915, Gift of New Jersey Harbor Commission. 


NeW YorK STATE CONSTITUTIONAL CONVENTION. Exercises in 
Commemoration of the Seven Hundredth Anniversary of 
Magna Charta, June 15, 1915. Albany, 1915. Gift of 
Constitutional Convention. 


Sr. Louis Pusric Liprary, Annual Report, 1914-15. St. Louis, 
1915. Gift of St. Louis Public Library. 


SHRINKAGE AND TIME EFFECTS IN REINFORCED Concrete. Uni- 
versity of Minnesota Studies in Engineering. No. 
Minneapolis, 1915. Gift of University of Minnesota. 


TENSILE Tests. Report made at the Watertown Arsenal, 
Watertown, Mass., on April 10, 1915. Gift of Interna- 
tional Engineering Works, Ltd., Framingham, Mass. 


TRADE EDUCATION IN ConNectTIcUT, Gift of F. J. Trinder. 
Universiry CLus. Annual. 1914-15. New York, 1914. Gift 
of A.S.M.E. 


WATER SOFTENERS AS APPLIED TO CENTRAL STATION HEATING 
PLANts, F. F. Vater. Gift of author. 


EXCH ANGES 
AMERICAN SOCIETY OF REFRIGERATING ENGINEERS. Year Book, 
1915. New York, 1915. 


SOCIETY OF AUTOMOBILE ENGINEERS. Transactions. 1914, vol. 
9, pt. IL; 1915, vol. 10, pt. I. New York, 1914-15. 


TRADE CATALOGUES 


(‘UMMINGS SHIP INSTRUMENTS WorkKS. Boston, Mass. Cata- 
log, 1915. Cummings ship instruments. 


ENGINEER Co. New York City. Bulletin No. 14-A. Balanced 
Draft System Patent decision. June, 1915. 


Hiaiss, Gro., MANUFACTURING Co. Nei York, N. Y. Bulletin 
No. 115. Wagon loaders. Bulletin No. 1014. Buckets. 
Catalog No. 614. “High Power” excavating bucket. 
Descriptive pamphlet. Wagon loaders. Gasoline type. 


A. Lescuen & Sons Rope Co. St. Louis, Mo. Leschen’s Her- 
cules. July, 1915. 


NEWTON Macuineé Toor Works. Philadelphia, Pa. Catalog 
No. 49. Slotting machines. 


Power PLANT Speciartry Co. Chicago, Ill. Bulletin 104. 
Vater two-stage separators. Bulletin 108. Vater open 
feed water heater. 

Co, Chicago-New York. Electrical instru- 
ments, meters, circuit breakers, condensed bulletin sheets. 


STEPHENS ADAMSON Mro. Co. Aurora, Jill. Labor saver. 
July, 1915. 


SUPPLEE-Bippte Harpware Co. Philadelphia, Pa, Monel 
Metal. July, 1915. 


TrTaANiuM ALLoy Mre. Co. Niagara Falls, N. Y. Titanium 
aluminum and other standard bronze castings. 31 pp. 


UNITED ENGINEERING SOCIETY 
BEITRAGE ZUR FRAGE DER REGULIERUNG HYDRAULISCHER Mo- 
TOREN, pt. 1-3, A. Budau. Wien, 1906-09. 
BERECHNUNG, AUSFUHRUNG UND WARTUNG DER HEUTIGEN 


DAMPFKESSELANLAGEN, A. Pohlhausen. Ed. 3. Mittweida, 
1906. 


Die BERECHNUNG ELEKTRISCHER ANLAGEN AUF WIRTSCHAFT- 
LICHEN GRUNDLAGEN, F. W. Meyer. Berlin, 1908. 


BIBLIOGRAPHIE DER FREMDSPRACHIGEN ZEITSCHRIFTENLITERATUR, 
F. Dietrich. Band X, XI. Leipzig, 1915. 


CANADIAN INSTITUTE. General Index to publications, 1852- 
1912. Toronto, 1914. 


CARNEGIE STEEL Company. Shape Book containing profiles, 
tables and data appertaining to the shapes, plates, bars. 
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rails and track accessories, ed. 5. Pittsburgh, 1915, Gift 
of Carnegie Steel Company. 


CATALOGUE OF TECHNICAL PERIODICALS IN LIBRARIES IN THE 
Criry or New AND VICINITY, compiled by A. J. Gates. 
New York, 1915. 


CHEMISTRY OF PETROLEUM AND ITs Supstirutes, C. kK. Tinkler 


and Challenger. A Practical Handbook. London, 
1915. 


COMBINED Power AND HeaTING PLANts. Parr III. Power, 


HEATING AND VENTILATION, C. L. Hubbard. New York, 
1915, 


COMPARATIVE STATEMENT OF OPERATIONS OF NEW YORK [cpIsoNn 
COMPANY, 1913-14; Epison ELeEcTRIC ILLUMINATING CoM 
PANY OF BrookLyN, 1913-14; UNirep ELectric LIGHT AND 
Power Company, 1912-14. Gift of New York Public Serv- 
ice Commission, First District. 


DEUTSCHER SCHIFFBAU, 1908S. Berlin. 


DIELECTRIC PHENOMENA IN HIGH VOLTAGE ENGINEERING, IF. W. 
eek, Jr. New York, 1915, 


LIGENSCHAFTEN UND EIGNUNG DER VERSCHIEDENEN SYSTEMI 
ELEKTRISCHER TRAKTION. pt. 3, Berichte der Schweizer 
ischen Studienkommission fur elektrischen Bahnbetrieb. 
Zurich, 1914. 


ELECTRICAL METERMAN'’S HANbBOooK. Written and compiled 
by the Committee on Meters, National Electric Light As 
sociation. New York, 1915. Gift of National Electric 
Light Association. 

This edition has been revised, obsolete types of meters have been 
eliminated, and new types are described. Ws ee & 
ELEKTRISCHE HAUSANLAGEN IHR WESEN UND IHRE BEMAND 

LUNG, O. Kirstein. Ed. 2. Berlin, 1908. 


ELEKTROCHEMIE WASSERIGER LOSUNGEN, Fritz Foerster. Ed. 2. 
Leipzig, 1915. 


FABRIK NEUANLAGEN UND ERWEITERUNGEN, HL. Winkelmann. 
Sammlung Berg und Hiittenmiinnischer Abhandlungen, 
pt. 150. Nattowitz, 1915. 


FABRIKATION VON MororREN UND AUTOMOBILEN, Ernst Valen- 
tin. Berlin, 1915. 


DAS FARBEN DER METALLE. Wien, 1912. 


FERROMANGAN ALS DESOXYDATIONSMITTEL IM FESTEN UND 
FLUSSIGEN ZUSTAND UND DAS FERROMANGANSCHMELZEN, 
W. Rodenhauser. Leipzig, 1915. 


FORDERWAGENKIPPER IM BETRIEBE UNTER TAGE, Arthur Gerke. 
Sammlung Berg und Hiittenmiinnischer Abhandlungen, 
pt. 151. Kattowitz, 1915. 


FORMELN UND TABELLEN FUR DEN EISENBAU, Friedrich Bleich. 
Wien, 1915, 


FRANCIS-TURBINEN, R. Honold and K. Albrecht. Mittiweida. 
1908-10. 


GLUE AND GLUE TESTING, Samuel Rideal. Ed. 2. London, 
1914. 


Dit GRUNDZUGE DER TECHNISCHEN WARMELEHRE, G. Pusch- 
mann. Leipzig, 1914. 


GRUNDZUGE DER UNFALLVERHUTUNGSTECHNIS UND DER GEWER- 
BEHNGIENE IN MASCHINENFABRIKEN, FE. Preger & W. Leh- 
mann. Leipzig, 1914. 


HANDBOOK OF OVERHEAD LINE CONSTRUCTION. Compiled by 
the Sub-Committee on Overhead Line Construction, Na- 
tional Electric Light Association. New York, 1915. Gift 
of National Electric Light Association. 

This publication is a very useful compilation of data on overhead 
construction. It is not a handbook of rules and regulations, nor 
does it seek to establish new standards. ws ae 


HANDBUCH DER MINERALCHEMIE, C. Doelter. Bd. II, pt. 4 
Dresden, 1915. 


HEATING AND VENTILATING PLANTS, Part II oF Power, HEAt- 


ING AND VENTILATION, Chas. L. Hubbard. Ed. 2. New 
York, 1914. 
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History or TRAVEL IN AMERICA, S. Dunbar. Vols. 1-14. Jn- 
dianapolis, 1915. 


INTERNATIONAL MINING MANUAL, 1915. Denver, 1915. 


Die KOHLENAUFBEREITUNG, Jungeblodt and Eschenbruch. 
Essen, 1914. 


Kuprer, W. Borchers. Halle, 1915. 

LANDWIRTSCHAFTLUCHE MASCHINENKUNDE, H. Schwarzer. 
Berlin, 1915. 

LEHRBUCH DER ELEKTROTECHNIK FUR TECHNISCHE MITTEL- 
SCHULEN UND ANGEHENDE PRAKTIKER, M. Kroll. Ed. 2. 
Leipzig, 1914. 


McGraw Evecrricat Directory. Electric Railway Edition, 
August, 1915. New York, 1915. 


METALLHUTTENBETRIEBE, Band I. Halle, 1915. 


MopeRN ILLUMINANTS AND ILLUMINATING ENGINEERING, Leon 
Gaster and J. S. Dow. New York, 1915. 

MopeRN PUMPING AND HyDRAULIC MACHINERY, Edward Butler. 
London, 19138. 


Motor Bopy BUILDING IN ALL ITS BRANCHES, C. W. Terry. 
London-New York, 1914. 
MUNICIPAL INDEX 1914. New York, 1914. 


NeEUE ERFAHRUNGEN MIT MIEDZIANKIT, Dr. Ebeling. Samm- 
lung Berg und Hiittenmiinnischer Abhandlungen, pt. 152. 
Kattowitz, 1915. 


OKLAHOMA AGRICULTURAL & MECHANICAL COLLEGE. Annual 
Catalog, 24, 1914-15. Stillwater. Gift of College. 


OPERATION OF SEWAGE DiIsposaL PLANtTs, F. E. Daniels. Neic 
York, 1914. 


Die ORGANISATION UND DIE AUFGABEN DES MASCHINEN 
BETRIEBES AUF HUTTENWERKEN. A attowitz, 1915. 


Poor's MANUAL OF PusLic Uritities, 1915. New York, 1916. 
PracticaLt Or GroLtocy, Dorsey Hager. New York, 19105. 


Pusiic UTitities Reports, ANNOTATED. B 1915. Rochester, 
1915. 


SCIENCE AND PRACTICE OF MANAGEMENT, A. H. Church. Nei 
York, 1914. 


SoutH AMERICAN YEAR Book, 1915. London, 1915. 


STRAIGHT LINE ENGINEERING D1aAGRAMS, Manifold and Poole. 
San Francisco. 


STRUCTURAL ENGINEERING, J.-E. Kirkham. Chicago-London, 
1914. 


STRUCTURAL ENGINEERS’ HANpBOOK, M. S. Ketchum. New 
York, 1914. 


Diz Wace, Joh. Kéhnile. Bielefeld, 1910. 

WILLING’s Press Guipe, 1915. London, 1915. 

Das ZEISSWERK UND DIE CARL ZEISS STIFTUNG IN JENA, Felix 
Auerbach. Ed, 4. Jena, 191}. 

ZEITSCHRIFT FUR ANGEWANDTE CHEMIE. General Register, 
1SS7-1907. Leipzig, 1910. 

DIE ZIFGEL, ROHREN UNF KALKBRENNEREI, FE. Heusinger von 
Waldegg. Part 1-2. Leipzig, 1901. 

TRADE CATALOGUES 

Dunessen & Prattz, INc. New York City. Pope incandes- 

cent lamps. June 1, 1915. 


NATIONAL TUBE Co. Pittsburgh, Pa. Bulletins Nos, 1-9, 11-24. 
1914-15. 
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ABRIDGED LIST OF OFFICERS AND COMMITTEE CHAIRMEN! 
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Finance Committee, R. M. Drxon 
House Committee, S. D. CoLLett 
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1A complete list of the officers and committees of the Society will be tound in 
the Year Book for 1915, and in the January and July 1915 issues of The 
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